Application No. 09/641,892 

Reply to Office Action of September 13, 2002 

SUPPORT FOR THE AMENDMENTS 

A substitute specification has been submitted in order to make grammatical changes. 
A clean copy and a marked-up copy of the substitute specification is submitted herewith. 

Claim 1 has been amended to make a clarifying amendment. 

No new matter is believed to have been added to this application by these 
amendments. 
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Application No. 09/641,892 

Reply to Office Action of September 1 3, 2002 , 

REMARKS 

Claims 1-24 are active in this application. Favorable reconsideration is respectfully 
requested. 

The rejection of the claims under 35 U.S.C. §112, first paragraph (written 
description), is respectfully traversed. 

The present application provides a detailed description of a method for screening a 
microorganism that can metabolize a carbon source in a liquid medium containing L-glutamic 
acid at a saturation concentration and the carbon source at a specific pH. See page 8, line 27 
to page 12, line 7 of the present specification. Therefore, even in the case where a 
microorganism is one other than Enterobacter agglomerans^ one skilled in the art can 
understand that such a microorganism can be obtained by the screening method described in 
the present application. Accordingly, Applicants had possession of the claimed invention at 
the time the present application and, therefore, the present application satisfied the written 
description requirement of 35 U.S.C. §1 12, first paragraph, at the time of filing. Withdrawal 
of this ground of rejection is respectfully requested. 

The rejection of the claims under 35 U.S.C. § 1 12, first paragraph (enablement), is 
respectfully traversed. 

The present application provides a detailed description of a method for screening a 
microorganism that can metabolize a carbon source in a liquid medium containing L-glutamic 
acid at a saturation concentration and the carbon source at a specific pH. See page 8, line 27 
to page 12, line 7 of the present specification. Therefore, even in the case where a 
microorganism is one other than Enterobacter agglomerans, one skilled in the art can 
understand that such a microorganism can be obtained by the screening method described in 
the present application. 
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Application No. 09/641,892 

Reply to Office Action of September 13, 2002 

In addition, Applicants submit the following publications D1-D4, which demonstrate 
that microorganisms other than Enterobacter agglomerans alos have similar pathways and 
enzymes related to L-glutamic acid biosynthesis. 

Dl (U.S. 5,846,790) shows that the gdh gene, git A gene, and the ppc gene from 
Brevibacterium lactofermentum (coryneform bacterium), where the genes code for the 
enzymes related to L-glutamic acid biosynthesis. 

D2 (EP 06703 70B1) shows that the enzymes of L-glutamic acid biosynthesis from E. 

coli. 

D3 {Escherichia coli and Salmonella typhimurium) p. 156-157 and p. 302-318 (1987)) 
shows L-glutamic acid biosynthesis pathways of E. coli and S, typhimurium. 

D4 (J. Bacteriol., 181, 6679-6688 (1999)) shows the carbon metabolism ofE. coli. 

In view of D1-D4, a microorganism other than a microorganism belonging to the 
genus Enterobacter is also considered to have similar pathways and enzymes for glutamic 
acid biosynthesis as compared to microorganisms belonging to the genus Enterobacter. 
Therefore, one skilled in the art can isolate can isolate such enzymes from a microorganism 
other than a microorganism belonging to the genus Enterobacter by conventional methods 
such as PGR. 

In view of the detailed teachings in the present specification and the state of the art as 
demonstrated by publications D1-D4, one can obtain and use the claimed microorganism 
without undue experimentation. Accordingly, the claims are enabled. Withdrawal of this 
ground of rejection is respectfiilly requested. 

The rejection of the claims under 35 U.S.C. §112, second paragraph, is believed to be 
obviated by the amendment submitted above. Claim 1 has been amended to specify that the 
L-glutamic acid is accumulated in the medium. Withdrawal of this ground of rejection is 
respectfully requested. 
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Application No. 09/64 1,89T^ 
Reply to Office Action of September 13, 2002 . 

The obviousness-type double patenting rejection over Applicant's co-pending 
application serial No. 10/077,751 is respectfully traversed. 

In the co-pending application, the claims have been amended as suggested by the 
Examiner. In amended Claim 1 of the co-pending application, the medium contains an 
organic acid containing 1, 2, or 3 carbon atoms, the amount of the organic acid in the medium 
is 0.4 g/L or less, and the amount of organic acid in the medium does not inhibit the growth 
of the microorganism. On the other hand, such limitations are not recited in the present 
invention, and are not described or suggested by the present invention. Accordingly, Claims 
10-13 and 15-24 of the present application are not obvious over the claims of the co-pending 
application. Withdrawal of this ground of rejection is respectfully requested. 

In response to the Examiner's request for information under 35 U.S.C. §132 and 37 
C.F.R. § 1.78(c), Applicants confirm that the co-pending application serial No. 10/077,751 
was commonly owned at the time of the invention described in the present application was 
made. 

A substitute specification has been submitted. If any additional changes to the 
specification are believed to be necessary, the Examiner is invited to contact the undersigned. 

Applicants submit that the present application is in condition for allowance. Early 
notice to this effect is earnestly solicited. 



Respectfiilly submitted. 
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5,846,790 
December 8, 1 998 



Methods of producing L-lysine and L-glutamic acid by fermentation 

Abstract 

A mutant strain having an abiJity to produce L-gtutamic acid in the absence of any biotin action- 
suppressing agent in a medium containing an excessive amount of biotin is obtained by giving 
temperature sensitivity with respect to a biotin action-suppressing agent to a coryneform L- 
glutamic acid-producing bacterium. This strain is cultivated in a liquid medium to produce and 
accumulate L-glutamtc acid in the medium. A mutant strain having an ability to produce L-lysine 
and L-glutamic acid in the absence of any biotin action-suppressing agent in a medium 
containing an excessive amount of biotin is obtained by giving temperature sensitivity with 
respect to a biotin action-suppressing agent and giving L-lysine productivity to a corynefonm L- 
giutamic acid-producing bacterium. This strain is cultivated in a liquid medium to simultaneously 
produce and accumulate LHysine and L-g!utamic acid in the medium. 
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What is claimed is: 

1. A method of producing L-glutamic acid by fermentation without biotin-action suppressive 
agents, comprising the steps of. 

cultivating a mutant strain in a liquid medium; 

raising the temperature at an intermediate stage of the cultivation to a temperature where said 
mutant strain is sensitive to a biottn action-suppressing agent at a concentration at which 
growth of said mutant strain at 31.5.degree. C. is approximately equivalent to that in the absence 
of said biotin action— suppressing agent; 

producing and accumulating L-glutamic acid in the medium; and 
collecting L-glutamic acid from the medium, 

said mutant strain being a coryneform L-glutamic acid-producing bacterium, having a 
temperature-sensitive mutation wrth respect to a biotin action-suppressing agent produced by 
applying a mutation treatment to a coryneform L-glutamic acid-producing bacterium, conducting 
a replication method in a growth medium cpntaining a biotin— action-suppressing agent and 
selecting a strain which is temperature sensitive at 37.degree, C. in said growth medium but not 
temperature sensitive in media without said biotin-acti on— suppressing agent, and having the 
ability to produce L-glutamic acid in the absence of any biotin action-suppressing agent in a 
medium containing an excessive amount of biotin. 

2. A method of producing L-glutamic acid according to claim 1, wherein the biotin action- 
suppressing agent is polyoxyeUVylcric SkUibiUsii iiiunupolrnlLuLe. 

3. A method of producing L-glutamic acid according to claim 1, wherein protein expression levels 
in said mutant strain of one or more genes selected from the group consisting of glutamate 
dehydrogenase gene, citrate synthase gene, phosphoenolpyruvate dehydr^gcr.occ gene and 
isocitrate dehydrogenase gene have been enhanced. 

4. A method of producing L-lysine and L-glutamic acid by fermentation without biotin-action 
suppressing agents, comprising the steps of. 

cultivating a mutant strain in a liquid medium; 
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rsiisingihe temperature at an intermediate stage of the cuWvation to s temperature where caid 
mutant strain is sensitive to a biotin action— suppressing agent at a concentration at which 
growth of said mutant strain at 31. 5. degree. C. is approximately equivalent to that in the absenc 
of said biotin action-suppressing agent; 

producing and accumulating L-lysine and L-glutamic acid in the medium; and 

collecting them from the medium, said mutant strain being a coryneform L-glutamic acid- 
producing bacterium, having a mutation to give L-lysine productivity and a temperature— sensitiv 
mutation with respect to a biotin action-suppressing agent produced by applying a mutation 
treatment to a coryneform L-glutamic acid-producing bsacterium, conducting a replication 
method in a growth medium containing a biotin-action— suppressing agent and selecting a strain 
which is temperature sensitive at 37.degree. C. in said growth medium but not temperature 
sensitive in media without said biotin— action-suppressing agent, and having the ability to produce 
L-lyfiine and L-glutamic acid in the absence of any biotin action-suppressing agent in a medium 
containing an excessive amount of biotia 

5. A method of producing LHysine and L-glutamic acid according to claim 4, wherein the biotin 
action— suppressing agent is polyoxyethylene sorbitan monopalmitate. 

6. A mutant strain of coryneform bacteria, having a temperature-sensitive mutation with respect 
to a biotin action-suppressing agent produced by applying a mutation treatment to a coryneform 
L-gfutamic acid-producing bacterium conducting a replication method in a growth medium 
containing a biotin^action-suppressing agent and selecting a strain which is temperature 
sensitive at about ST.degree. C. in said growth medium but not temperature sensitive in media 
without said biotin-action-suppressing agent, and having the ability to produce L-giutamic acid in 
the absence of any biotin action-suppressing agent in a medium containing an excessive amount 
of biotin. 

7. A mutant strain according to claim 6, wherein the biotin action-suppressing agent is 
polyoxyethylene sorbitan monopalmitate. 

8. A mutant strain according to claim 6 having a mutation to give LHysine productivity and 
having the ability to produce both L~lysine and L-glutamic acid in the absence of any biotin 
action-suppressing agent in a medium containing an excessive amount of biotin. 

9. A mutant strain according to claim 8, wherein the biotin action-suppressing agent is 
polyoxyethylene sorbitan monopalmitate, 

10. A method of breeding mutant coryneform strains having the ability to produce L-giutamic 
acid in the absence of any biotin action-suppressing agent in a medium containing an excessive 
amount of biotin. comprising: 

giving temperature sensitivrt*y with respect to a bictin acuon' suppressing agent to a ooryneform 
L— glutamic acid-producing bacterium produced by applying a mutation treatment to a 
coryneform L-glutamic acid-producing bsacterium, conducting a replication method in a growth 
medium containing a biotin-action— suppressing agent and selecting a strain which is temperatur 
sensitive at 37.degree. C. in said growth medium but not temperature sensitive in media without 
said biotin-action-suppressing agent. 

1 1. A method of breeding mutant coryneform strains having the ability to produce both LHysine 
and L-glutamic acid in the absence of any biotin action-suppressing agent in a medium 

c ntarning an excessive amount of biotin, comprising: 
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giving temperature sensitivity with respect to a biotin action-suppressing agent produced by 
applying a mutation treatment to a coryneform L-glutamic acid-producing bsacterium, 
conducting a replication method in a growth medium containing a biotin-action— suppressing 
agent and selecting a strain which is temperature sensitive at about 37.degree. C. in said growth 
medium but not temperature sensitive in media without said biotin-action-suppressirig agent and 
giving L-!ysine productivity to a coryneform L— glutamic acid-producing bacterium, 

12. A method of producing L-glutamic acid according to claim 1, wherein the temperature is 
raised to about 33.degree.-40.degree. C. at said intermediate stage of the cultivation. 

13. A method^ producing L-glutamic acid according to claim 1, wherein the temperature is 
raised to about 37, degree.-40. degree. C. at said intermediate stage of the cuhivation. 

14. A method of producing L-lysine and L-glutamic acid according to claim 4, wherein the 
temperature is raised to about 33.degree.-40.degree. C. at said intermediate stage of the 
cultivation. 

15. A method of producing L-lysine and L-glutamic acid according to claim 4, wherein the 
temperature is-raised to about 37.uegree. 40.degrec. C. at said inteiTiiediate stage of the 
cultivation: ~ 



Description 



TECHNICAL FIELD 

The present invention relates to methods of producing L-lysine and L-giutamic acid by 
fermentation. L* lysine is widely used as-Tsr fwcJ auJiUvu, etc.7 and L— giutarrrio aord widely used 
as a material for seasonings, etc. 

BACKGROUND ART 

L-lysine and L-giutamic acid have been hitherto industrially produced by fermentatative methods 
by using coryneform bacteria belonging to the geni:is Crcviudcit-cr ium ui Cur yiiv^uauL^r iuiti Moving 
abilities to produce these amino acids, [n these methods, it is known that the coryneform 
bacteria require biotin for their growth, while L-glutamic acid is not accumulated if an excessive 
amount of biotin exists in a medium. Therefore, any one of the following methods has been 
adopted in the conventional method of producing L-glutamic acid. Namely, cuKivation is 
conducted in a medium in which the concentration of biotin is restricted, or cultivation is 
conducted such that a surfactant or a lactam antibiotic as a biotin action-suppressing agent is 
allowed to be contained in a medium at an initial or intermediate stage of cultivation in the case 
of use of the medium containing a sufficient amount of biotin. 

However, especially when a material such as waste molasses, which is inexpensive but contains 
an excessive amount of biotin. is used as a carbon source in a medium, the biotin action- 
suppressing agent, which is required to be added to the medium, has heen-a-cause to increase 
the production cost- 
On the other hand, the following methods are known for simuKaneous production of LHysine and 
L-glutamic acid by fermentation. Namely, an L-lysine-producing bacterium is cultivated under a 
condition for L-glutamic acid production, or an L-lysine— producing bacterium and an L-glutamic 
acid-producing bacterium ©re mixed and cultivated (Japan se Patent Laid-open No. 5-3793). 
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However, in the method in which an L-lysine-producing bacterium is cultivated under a condition 
for L— glutamic acid producb'on to simultaneously produce LHysine and L— glutamic acid by 
fermentation, the condition for L-^glutamic acid production is either that a biotin— auxotrophic 

bacterium- be I enging to th^go^^uc 3revA^act«rium.or--Ccry^!ebaoteriwIn-ic obtltivstod m cm diufvv ■•■ 

containing a low concentration of biotin, or that it is cultivated such that a surfactant or a 
lactam antibio-Uc is allowed to be contained in a medium at an initial or intermediatj^ 5itAep- of 
cultivation in the case of the medium containing a sufficient amount of biotin. Especially when a 
material such as waste molasses, which is inexpensive but contains an excessive amount of 
biotin, is used as a carbon source in a medium, the surfactant or the lactam antibiotic as a biotin 
aotion-^upprcssing agent to be oddcd to the medium has b^ren-«r-<?w*e 'to-rnct>t**cr'tht; 

production cost. 

Further, in the method in which an L-tysine-producing bacterium and an L-glutamic acid- 

producin? bacterium. ar#» mixp-d.jand cnlti\zaited^there.hac. bi?jpT\-5^..problemLthat controJ.of^ 

cultivation is difficult, and fermentation results are unstable, 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a method of producing L-glutamic acid 
inexpensively and stably by fermentation in which no biotin action-suppressing agent is added 
even when a material such as waste molasses containing an excessive amount of biotin is used 
as a carbon source in a medium. 

Another object of the present invention i« to-pravidip— « /n#»thnrl f>f s>»«'.'lt?r!eous!y producing L— 
lysine and L"glutamic acid inexpensively and stably by fermentation in which no biotin action- 
suppressing agent is added even when a material such as waste molasses containing an 
excessive amount of btotin is used as a carbon source in a medium. 

As a result of vigorous investigations in order to achieve the aforementioned objects, the 
present inventors have found that a mutant strain obtained by giving temperature sensitivity to a 
biotin action— suppressing agent to a conventionally used coryneform glutamic acid-producing 
bacterium produces and accumulates a considerable amount of L-glutamic acid even in a 
medium containing an excessive amount of biotin without adding any surfactant or antibiotic. 
Further, the present inventors have found that a mutant strain derived by giving temperature- 
sensitivity to a biotin action-suppressing agent to an LHysine-producing bacterium originating 
from a coryneform L-glutamic acid-producing bacterium produces and accumulates considerable 
amounts of both LHysine and L-glutamic acid even in a medium containing an excessive amount 
of biotin wrthout containing any surfactant or antibiotic. Thus the present invention has been 
completed. 

Namely, the present invention lies in a method of producing L-glutamic acid by fermentation 
comprising the steps of cultivating a mutant strain in a liquid mediunx producing and 
accumulating L-glutamic acid in the medium, and collecting it from the medium, the mutant strain 
originating from a coryneform L-glutamic acid-producing bacterium, having temperature sensitive 
mutation to a biotin action-suppressing agent, and having an ability to produce L-glutamic acid in 
the absence of any biotin action-suppressing agent in any medium containing an excessive 
amount of biotin. 

In another aspect, the present invention lies in a method of producing LHysine and L-glutamic 
acid by fermentation comprising the steps of cultivating a mutant strain in a liquid medium, 
producing and accumulating L-lysine and L-glutamic acid in the medium, and collecting them 
from the medium, the mutant strain originating from a coryneform L-glutamic acid— producing 
bacterium, having mutation to give LHysine productivity and temperature sensitive mutation to a 
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bi tin action-suppressing agent, and having an ability t produce L-Sysine and L-giutamic acid in 
the absenc of any biotin action-suppressing agent in any medium containing an excessive 
amount of biotin. 

According to another aspect of the present invention, there is provided a mutant strain 
originating from a coryneform L-glutamic acid^roducing bacterium, having temperature sensitive 
mutation to a biotin action-suppressing agent, and having an ability to produce L— glutamic acid in 
the absence of any biotin action-suppressing agent in a medium containing an excessive amount 
of biotin. This mutant strain will be sometimes referred to below as "first mutant strain of the 
present invention*. 

According to another aspect of the present invention, there is provided a mutant strain 
originating from a coryneform L-gtutamic acid-producing bacterium, having mutation to give L— 
lysine productivity and temperature sensitive mutation to a biotin action— suppressing agent, and 
having an ability to produce both L-tysine and L-glutamic acid in the absence of any biotin 
action-suppressing agent in a medium containing an excessive amount of biotin. This mutant 
strain will be sometimes referred to below as "second mutant strain of the present invention". 

According to another aspect of the present invention, there is provided a method of breeding 
mutant strains having an ability to produce L-glutamic acrd in the absence of any biotin action- 
suppressing agent in a medium containing an excessive amount of biotin comprising giving 
temperature sensitivity to a biotin action-suppressing agent to a coryneform L-glutamic acid- 
producing bacterium. 

According to another aspect of the present invention, there is provided a method of breeding 
mutant strains having an ability to produce both L-lysine and L— glutamic acid in the absence of 
any biotin action— suppressing agent in a medium containing an excessive amount of biotin 
comprising giving temperature sensitivrty to a biotin action-suppressing agent and L— lysine 
productivity to a coryneform L-glutamic acid-producing bacterium. 

The present invention will be explained in detail below. 

<1> PREPARATION OF MUTANT STRAIN TEMPERATURE-SENSmVE TO BIOTIN ACTION- 
SUPPRESSING AGENT ORIGINATING FROM L-GLUTAMIC ACID-PRODUCING BACTERIUM, 
AND PRODUCTION OF L-GLUTAMIC ACID 

•I Preparation of Mutant Strain Temperature-Sensitive to Biotin Action— Suppressing Agent 
Originating from L-GIutamic Acid-Producing Bacterium 

Conventional and known L-glutamic acid-producing bacteria originating from coryneform L- 
glutamic acid-producing bacteria, when they are cultivated in a medium containing an excessiv 
amount of biotin of not less than 10 .mu.g/L, substantially produce no L-glutamic acid in a 
culture liquid, unless a biotin action-suppressing agent such as surfactants and antibiotics is 
allowed to be contained in the medium at an initial or intermediate stage of cultivation. The first 
mutant strain of the present invention has an ability to produce L-glutamic acid even when it is 
cultivated in a liquid medium containing an excessive amount of biotin. without allowing any biotin 
action— suppressing agent to be contained in the medium. Namely, the first mutant strain of th 
present invention Is a mutant strain originating from a coryneform L-glutamic acid— producing 
bacterium, having temperature-sensitive mutation to a biotin action-suppressing agent, and 
having an ability to produce L-glutamic acid in the absence of any biotin action-suppressing 
agent in a medium containing an excessive amount of biotin. 

The mutant strain as described above can be induced by giving temperature sensitivity to a 
biotin action-suppressing agent to a glutamic acid-producing bacterium originating from a 
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coryneform L-glutamic aoxd— producing bacterium. The biotin action^uppressing agent includes, 
for example, surFactants and antibiotics. 

The surfactants include, for example, saturated fatty acid such as lauric acid, mynstic acid, 
stearic acid, and palmitic acid; fatty acid ester type nonionic surfactants such as glycerol fatty 
acid ester» sorbitan fatty acid ester, sucrose fatty acid ester, polyethylene glycol fatty acid 
ester, polyethylene glycol polypropylene gtyco! fatty acid ester, and polyoxy ethylene sorbitan 
fatty acid ester; and N-acyl amino acids such as N-palmitoylglycine. N-palmitoylalanine, N— 
palmitoylvaline, N— palmitoylleucine, N-palmitoylthreonine, N— palmitoylmethionine, N- 
patmitoylaspartic acid. N-palmitoylglutamic acid, N-myristoyigiutamic acid, N-stearoy I glutamic 
acid, N,^4'-dipalmitoylomithi^e, and N, N'-di pal mitoy I lysine. 

The antibiotics include, for example, lactam antibiotics such as penicillin and cephalolysine. 

In general, the growth of coryneform L-glutamic add— producing bacteria is inhibited by the 
presence of a biotin action— suppressing agent at a certain concentration or more. In the present 
invention, the temperature sensitivity to a biotin action-suppressing agent means a property 
such that growth is remarkably inhibited, as compared wrth that in the absence of the biotin 
action-suppressing agent, at a cultivation temperature of 33.degree.-37.degree. C, preferably not 
less than 34.degree. C. in the presence of the biotin action-suppressing agent at a maximum 
concentration at which approximately equivalent growth to that in the absence of the biotin 
action— suppressing agent is observed at 31,5.degree. C. (optimum growth temperature). 
Specifically, a property as defined as follows is intended. Namely, when the influence exerted by 
the biotin action-suppressing agent is investigated at temperatures of 3t.5.degree. C. and 
33.degree.-37Q.degree. C a degree of relative growth in the presence of the biotin action- 
suppressing agent at each concentration is calculated provided that each growth in the absence 
of the biotin action— suppressing agent at each temperature is regarded as 100, and a maximum 
concentration at which the degree of relative growth at 31.5.degree. C, is not less than 80 is 
determined, then the degree of relative growth at a temperature of 33. d egree.-37.de gree. C, is 
not more than 50 in the presence of the biotin action-suppressing agent at the maximum 
concentration. 

The coryneform L-glutamic acid— producing bacteria referred to in the present invention includ 
bacteria having been hitherto classified into the genus Brevibacterium but united as bacteria 
belonging to the genus Corynebacterium at present (Int J. Syst. BacterioL, 41, 255 (1981)), and 
include bacteria belonging to the genus Brevibacterium closely relative to the genus 
Corynebacterium. Therefore, the mutant strain used in the present invention can be induced 
from the following coryneform L-glutamic acid-producing bacteria belonging to the genus 
Brevibacterium or Corynebacterium. in this specification, when the L-glutamic acid productivity 
is not referred to, the bacteria belonging to the genera Corynebacterium and Brevibacterium are 
simply referred to as "coryneform bacteria". 



Corynebacterium acetoaci dophi 1 urn 

ATCC 13870 
Corynebacterium acetoglutamicum 

ATCC 15806 
Corynebacterium ca11unae 

ATCC 15991 
Corynebacterium glutamicum 

ATCC 13032 
(Brevibacterium di varicatuin) 

ATCC 14020 
(Brevibacterium lactofertnentum) 

ATCC 13869 
(Corynebacterium 1 ilium) 
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ATCC 15990 

(Brevi bacterium flavum) 

ATCC 14067 
Corynebacterium melassecola 

ATCC 179BS 
Brevi bactenum saccharolyticuni 

ATCC U066 
Brevi bacterium irrmariophilum 

ATCC 14068 

Brevi bacterium roseum ATCC 13825 
Brevi bacterium thiogem talis 

ATCC 19240 
Microbacterium ammoniaphilum 

ATCC 15354 
Corynebacterium thermoaminogenes 

AJ 12340 (FERH 

BP-1 539) 



The bacterial strain having temperature sensrUvity to the biotin action-suppressing agent can be 
obtained by applying a mutation treatment such as uHraviolct light irradiation, X-ray irradiation, 
radiation irradiation, and mutating agent treatments to a bacterial strain as described above, 
followed by conducting a replica method on an agar plate medium containing the biotin action- 
suppressing agent. Namely, the growth state of a parent strain in the presence of several 
concentrations of the biotin action-suppressing agent is observed at a cultivation temperature of 
33. degree.— 3 7, degree, C, preferably not less than 34.degree. C. to determine a maximum 
concentration of the biotin action-suppressing agent at which growth is recognized. A mutant 
strain may be separated which cannot grow or has a remarkably lowered growth speed in the 
presence of the biotin action-suppressing agent at the maximum concentration at the same 
temperature as that used above. 

The temperature sensitivity to the biotin action-suppressing agent is given to the coryneform L— 
glutamic acid-producing bacterium as described above. Thus the mutant strain can be bred 
which has the ability to produce L-giutamic acid in the absence of the brotin action-suppressing 
agent in a medium containing an excessive amount of biotin. 

•! Preparation of Mutant Strain Temperature-Sensitive to Biotin Action-Suppressing Agent 
Originating from L-Glutamic Acid-Producing Bacterium by Means of Genetic Recombination 

Alternative methods for obtaining mutant strains temperature-sensitive to the biotin action- 
suppressing agent may be available other than the method based on the mutation treatment 
described above. For example, a gene relevant to resistance to the biotin actio n^suppr ess ing 
agent is obtained from a coryneform L-glutamic acid— producing bacterium, and the gene is 
subjected to a mutation treatment in vitro to obtain a mutant type gene which gives the 
resistance to the biotin action-suppressing agent in a temperature sensitive way. Next, a 
corresponding wild type gene on chromosome is substituted with the mutant type gene by using 
an already established technique for homologous recombination. Thus a mutant strain 
temperature— sensitive to the biotin action-suppressing agent can be obtained 

A gene relevant to surfactant resistance will be described below as a gene relevant to the 
resistance to the biotin action-suppressing agent. A gene relevant to surfactant resistance 
originating from a coryneform bacterium may be isolated by: 

(1) obtaining a surfactant-sensitive mutant strain belonging to the coryneform bacteria having 
increased sensitivity to a surfactant; 
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(2) ligating vari us chromosomal DMA fragments of a wild type coryneform bacterium with a 
vector capable of operation in the coryneform bacteria to prepare various recombinant DNA's; 

(3) introducing the various recombinant DNA's into the surfactant-sensitive mutant strain 
belonging to the coryneform bacteria to perform transformation; 

(4) selecting a strain with lost surfactant sensitivity, that is, a strain with increased surfactant 
resistance from transformed strains: 

(5) recovering recombinant DNA from the transformed strain with lost surfactant sensitivity; and 

(6) analyzing the structure of a chromosomal DNA fragment of the wild type coryneform 
bacterium li gated with the vector. 

The chromosomal DNA fragment of the wild type coryneform bacterium thus obtained contains 
the gene relevant to the surfactant resistance originating from the coryneform bacterium. This 
gene at least relates to a mechanism of the coryneform bacterium to produce L-glutamic acid in 
a medium containing a surfactant. At the same time, it also has a possibility of common relation 
to production of L-glutamic acid by means of addition of penicillin or restriction of biotin. 

In the item (1) described above, the "surfactant- sensitive mutant strain belonging to the 
coryneform bacteria having increased sensitivity to surfectant'' refers to a mutant strain 
belonging to the coryneform bacteria with deteriorated growth in a medium in which a surfactant 
exists at a concentration at which no influence is exerted on growth of the wild type coryneform 
bacterium. For example, when polyoxy ethylene sorbitan monopalmrtate is used as the Surfactant* 
the surfactant-sensitive mutant strain belonging to the coryneform bacteria makes poor growth 
as compared with the wild strain if the surfactant is added to a medium at a concentration of 

change in growth even in a medium in which the surfactant is added at a concentration of 0.1-1 
mg/dl. The concentration of the surfactant required for L-glutamic acid production decreases, 
as compared with an ordinary case, when such a surfactant— sensitive mutant strain is cultivated 
to produce L-glutamic acid by adding the surfactant. It is postulated that cells of the surfactant- 
sensitive mutant strain have a state which is approximate to a state of cells of the wild strain 
exposed to the surfactant. 



Preparation of Gene Relevant to Surfactant Sensitivity 



In order to obtain the surfactant-sensitive mutant strain belonging to the coryneform bacteria, a 
method described in Japanese Patent Publication No. 52-24593 can be used. Namely, a 
mutation— inducing treatment such as ultraviolet light irradiation. X-ray irradiation, radiation 
in^adiation, and mutating agent treatments is applied to a coryneform glutamic acid-producing 
bacterium to obtain a strain which cannot grow on an agar medium containing a surfactant in an 
amount with which the parent strain grows. 

The surfactant-sensitive mutant strain belonging to the coryneform bacteria is specifically 
exemplified by Brevibacterium lactofermentum AJ11060, which is disclosed in Japanese Patent 
Publication No.59-10797. 

The method for preparing various chromosomal DNA fragments of the wild type coryneform 
bacterium is as follows. Namely, the wild type coryneform bacterium is cultivated in a liquid 
medium, and chromosomal DNA is recovered from collected cells in accordance with a method of 
Saito et at (H. Saito and K. Miura, Biochem. Biophys. Acta, 72, 619 (1963)). Recovered 



WlllkCU WWOkW« «-«t\.WtlW VtW-^V, 



prepared by conducting a reacti n under a condition to incompletely decompose DNA by using 
an enzyme of a four— nucleotide recognition typ as the restriction enzyme. 

The vector capable of operation in the coryneform bacteria is. for example, a plasmid capable of 
autonomous replication in the coryneform bacteria. Specifically, it can be exemplified by the 
followings. 

(1) pAM330 (see Japanese Patent Laid-open No. 58-67699) 

(2) pHM1519 (see Japanese Patent Laid-open No, 58-77895) 

(3) pAJ655 (see Japanese Patent Laid-open No. 58-192900) 

(4) pAJ61 1 (see the same) 

(5) pAJ1844 (see the same) 

(6) pCG1 (see Japanese-Patent Laid-open No. 57-134500) 

(7) pCG2 (see Japanese Patent Laid-open No. 58-35197) 

(8) pCG4 (see Japanese Patent Laid-open No. 57-183799) 

(9) pool 1 (see the same) 

In order to I i gate the vector capable of operation in the coryneform bacteria with various 
chromosomal DNA fragments of the wild type coryneform bacterium to prepare various 
recombinant DNA's, the vector is digested with the same restriction enzyme as the restriction 
enzyme used to digest chromosomal DNA. or with a restriction enzyme which generates a 
terminal sequence complementary to a terminal sequence of various chromosomal DNA 
fragments. The digested vector is usually ligated with the chromosomal DNA fragments by using 
a ligase such as T4 DNA ligase. 

In order to introduce the various recombinant DNA's into the surfactant— sensib've mutant strain 
belonging to the coryneform bacteria, a procedure may be carried out in accordance with 
conventional and reported transformation methods. For example, it is possible to use a method in 
which recipient cells are treated with calcium chloride to increase pemieabilrty of DNA as 
reported for Escherichia coli K-12 (Mandel. M. and Higa, A,. J, MoL Biol., 53. 1 59 (1970)), and a 
method in which competent cells are prepared from celts at a proliferating stage to introduce 
DNA as reported for Bacillus subtilis (Duncan. C. Wilson, G. A. and Yound, F. E., Gene, 1, 153 
(1977)). Alternatively, it is also possible to apply a method in which DNA recipient cells are 
converted into a state of protoplasts or spheroplasts which easily incorporate recombinant DNA 
to introduce recombinant DNA into DNA recipients as known for Bacillus subtilis, actinomycetes, 
and yeast (Chang, S and Choen. S. N., Molec. Gen. Genet, 168, 111 (1979); Bibb. M, Ward, J. 
M. and Hopwood, O. A., Nature, 274, 398 (1978); Hinnen, A., Hicks, J. B. and Fink. G. R., Proc. 
Natl. Acad. Sci. USA, 75, 1929 (1978)). 

As for the protoplast method, a sufficiently high frequency can be obtained even by using the 
method used for Bacillus subtilis described above. However, as disclosed in Japanese Patent 
Laid-open No. 57-183799. it is also possible to utilize a method in which DNA is allowed to be 
incorporated in a state in which protoplasts of coryneform bacterial cells contact with divalent 
metal ion and one of polyethylene glycol or polyvinyl alcohol. Incorporation of DNA can be also 
facilitated by addition of carboxymethyl cellulose, dextran. Ficoll, Pluronic F68 (Serve) and the 
like, in place of polyethylene glycol or p lyvinyl alcohol. An electric pulse method (see Japanese 
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Patent Laid— open No. 2-207791) was used in Example of the present invention as a method for 
transfonmation. 

A method for selecting strains with lost surfactant sensitivity from transfbimed strains will be 
described below. 

DNA fragments having sizes of about 4-6 Kbp obtained by partially digesting chromosomal DNA 
of a wild strain of a coryneform bacterium with a restriction Rn^ym** ^n.^Af *irft li^tp.H wi+h a 
plasmid vector capable of autonomous proliferation in both Escherichia coli and coryneform 
bacteria to produce recombinant DNA's which are introduced into competent cells of Escherichia 

WWII kyn^ wu^uiri \jjruuuuuu uy i tarvorca oriu^o oo„ L-\.UTy *^/' cnt?^ ifr^^T^ ri ai idiOi rnrrU"S^^iT1 iS 9TC~ 

cultivated -t= = = n=tr'--=t = 5=r:o Sibr^r-/ ;?f tHc wild Ll.w ww. , . fw. . Uw^Lw.;^.... 

The surfactant-sensitive mutant strain AJ11060 is transformed with recombinant DNA's 
contained in the gene library described above. Obtained transformants are once spread on M- 
CM2G agar plates (containing glucose 5 g. polypeptone 10 g. yeast extract 10 g, NaCI 5 g, DL- 
methionine 0.2 g, agar 15 g, and chloramphenicol 4 mg in 1 I of pure water, pH 7.2) containing no 
surfactant to form about 40,000 colonies. The colonies are replicated on M-CM2G plates 
containing 30 mg/L of a surfactant (Tween' w) to obtain those exhibiting good growth on the M- 
CM7G plates nontaining the surfactant Thus strains with lost surfactant-cencf'^vity-c^n-be - 
obtained. 

The sarrrc^'iTicliiuLi <j£> Uic iiicUiulI Tui piepurin^ uhruinu&juiiiai DNA of wilil typ" coryneform 
bacteria may be used to recover recombinant DNA from a transformed strain with lost 
surfactant sensitivity. Namely, the transformed strain is cultivated in a liquid medium, and 
recombinant DNA can be recovered from collGcted cells in accord a nc&-^ith a— .cthwd of Oc^ito ct 
al (H. .^a!to 5inrl MJurj*, Etlod^^^m. Siophyc. Acta. 72, 610 

The structure of the chromosomal DNA fragment of the wild type coryneform bactenum ligated 
with the vector is analyzed, for example, as follows. An entire nucleotide sequence of the 
chromosomal DNA fragment is determined by a dideoxy method which is an ordinary method for 
nucleotide sequencing. The structure of DNA is analyzed to determine existing positions of 

enhancer, promoter, operator, SD scouence. leader peptide, attenuator, initiation, codoo, 

termination codon. ooen reading frame and so on- 
One of genes relevant to surfactant resistance originating from a coryneform bacterium obtained 
as described above in Example 3 described below was designated as "dtsR gene''. This dtsR 
gene at least has a sequence from 467-469th ATG to 1985-r987th GTG of a nucleotide 
sequence shown in SEQ ID NO: 1 in Sequence Listing. An amino acid sequence which can be 
encoded by this gene is shown in SEQ ID NOS: 1 and 2 in Sequence Listing. Another ATG 
(nucleotide Nos. 359-361) exists in the same frame at a position upstream from the 
aforementioned 467-469th ATG. It is impossible to deny the possibility that the additional ATG is 
the initiation codon. However, it is postulated that the aforementioned 467-469th ATG is the 
initiation codon according to analysis of a consensus sequence existing in a region upstream 
from this gene. Namely, it is postulated that the dtsR gene codes for a peptide having an amino 
acid sequence comprising amino acid Nos. 37-543 in the amino acid sequence shown in SEQ ID 
NO: 2. This peptide was designated as ''DTSR protein". When the amino acid sequence of the 
DTSR protein and the nucleotide sequence of the dtsR gene are referred to in the specification 
and claims of the present invention, they may be generally described by using 467-469th ATG as 
the initiation codon. However, the possibility of 359-361th ATG as the initiation codon should be 
also taken into consideration. For example, when it is intended to introduce the dtsR gene into a 
bacterium belonging to the genus Corynebacterium to enhance its expression, it is assumed that 
a sequence comprising nucleotide Nos. 467-1987 in the nucleotide sequence shown in SEQ ID 
NO: 1 may be expressed However, it will be easily understood by those skilled in the art that the 
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DTSR protein can be correctly expressed regardless of any ATG as the initiation codon, if a 
coding region and an upstream region of the nucleotid sequence shown in SEQ ID NO: 1 
including nucleotide Nos, 359-466 are introduced into the bacterium belonging to the genus 
Corynebacterium. Wh n the dtsR gene is expressed in bacterial cells, Met at the N-terminal 
encoded by the initiation codon is occasionally cut by aminopeptidase. 

As shown in Example 3 described below, it has been revealed that the amino acid sequence of 
the DTSR protein has homology to a protein having been already reported. The protein is 
described as .beta.^ubunit of propionyl-CoA carboxylase (PPG) protein in Proc. Natl, Acad. Sci. 
USA, vol. 83 (1986) 8049-8053; Proc. Natl. Acad Sci. USA, vo!. 83 (1986) 4864-4868; and Gene, 
vol. 122 (1992) 199-202. Any of these literatures has no description which suggests that the 
protein relates to glutamic acid productivity. 

Propionyl-CoA carboxylase is an enzyme which catalyzes a reaction in a metabolic pathway to 
convert .alpha.-ketoglutarate into succinyl-CoA through 2-hydroxyglutarate, propionyl-CoA, D- 
methylmalonyl-CoA, and L-methylmalonyJ-CoA. This metabolic pathway is probably a pathway to 
bypass a reaction catalyzed by .alpha.-ketoglutarate dehydrogenase in the TCA cycle. In 
addition, propionyl-CoA carboxylase is an enzyme which uses biotin as a coenzyme. According 
to these facts, it is suRgested that the reaction catalyzed by propionyl-CoA carboxylase, and the 

surfactant resistance. Therefore, it is highly probable that the genes relevant to the surfactant 
resistance include genes coding for .alpha.— subunit of propionyl^oA carboxylase, or other 
enzymes or subunit thereof for catalyzing each of the reactions of the aforementioned metabolic 
pathway, in addition to the dxsR gene. Further, the present inventors have found that a DTSR 
protein-deficient strain requires oleic acid for cultivation. Acetyl-CoA carboxylase which uses 
biotin as a coenzyme has a similar structure to that of propionyl-CoA carboxylase. Thus genes 
coding for enzymes or subunits thereof for catalyzing each of reactions of the fatty acid 
metabolism pathway probably relate to the surfactant resistance, as well. The "mutation to 
exhibit temperature sensitivity to the biotin action -suppressing agent" of the present invention 
may also include mutation on such genes. 

Preparation of Mutant Type dtsR Gene-[ntroduced Strain by Gene Substitution 

The temperature-sensitive mutation to surfactants can be also given by generating mutation on 
the gene relevant to the surfactant resistance as represented by the dtsR gene obtained as 
described above. Namely, a procedure may be carried out by introducing mutation in vitro into 
the obtained gene to prepare a mutant type gene which provides a temperature.-sensitive 
function of its gene product, and substituting the wild type gene existing on chromosome with 
the mutant type gene by means of homologous gene recombination. Gene substitution by 
homologous recombination has been already established. It is possible to utilize, for example, a 
method using linear DNA, or a method using temperature-sensitive plasmid. 

Specifically, the modification of the dtsR gene into a mutant type gene is performed by causing 
substitution, deletion, insertion, addition, or inversion of one or more nucleotides in a nucleotide 
sequence of a coding region or a promoter region of the dtsR gene by means of a site-directed 
mutagenesis method (Kramer, W. and Frits, H. J., Methods in Enzymology, 154. 350 (1987)), or a 
treatment with a chemical reagent such as sodium hypochlorite and hydroxylamine (Shortle, D. 
and Nathans, D„ Proc. Natl. Acad. Sci. U.Sj^., 75, 270 (1978)). 

The site-directed mutagenesis method is a method of using synthetic oligonucleotides, which is 
a technique to enable introduction of optional substitution, deletion, insertion, addition, or 
inversion only into optional and limited base pairs. When this method is utilized, at first a plasmid 
having a cloned dtsR gene with determined nucleotide sequence is denatured to prepare single- 
strand DNA. Next, a synthetic oligonucleotide compl mentary to a portion intended to cause 
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mutation is used. However, the synthetic oligonucleotide is not allowed to have a completely 
complementary sequence, but allowed to have optional base substitution, deletion, ins rtion, 
addition, or inversion. The sin^e-sirand DNA is annealed with the synthetic oligonucleotide 
having optional base substrtuti rv, oeletion, insertion, addition, or inversion. A complete double- 
strand plasmid is synthesized by using T4 ligase and Klenow fragment of DNA polymerase I, and 
it is introduced into competent cells of Escherichia coli. Some transformants thus obtained have 
plasmids containing genes in which optional bo9C oubdtitution, dc'ction, Ins^i-tiorH aJditiori, or 
inversion is fixed. Similar techniques to introuuCc ^ct'tK un^iMiIr^n •nv.iijr!*- ^ r*«r:.r:«rnr«tri5irrr POR 
method (PGR Technology, Stockton press (1989)). 

The method using a chemical reagent treatment is a method in which mutation having base 
eubetit^-^o n, d olott c -t n f^: err,- c d d;ti on^ -c r- -s n vo»*£*k>ri - J i - n d o rriJy - 1 rrti''^ d wC*c- u • u't - & - DT«A -fi -ci ^ iti-ri- 
by treating the DNA fragment containing an objective gene directly with sodium hypochlorite, 
hydroxylamine or the like. 

The method for substituting a normal gene on chromosome of a coryneform L-glutamic acid- 
producing bacterium with the mutation-introduced gene thus obtained includes a method which 
utilizes homologous recombination (Experiments in Molecular Genetics, Cold Spring Harbor 
Laboratory press (1972); Matsuyama, S. and Mizushima, S., J. BacterioL 162, 1196 (1985)). In the 
homologous recombination, when a plasmid or the like which has a sequence having homology t 
a sequence on chromosome is introduced into a bacterial cell, recombination takes place at a 
certain frequency at a position of the sequence having homology, and the entire introduced 
plasmid is incorporated into the chromosome. When further recombination takes place thereafter 
at a position of the sequence having homology on the chromosome, the plasmid falls off from the 
chromosome. At this time, the mutatiorr-intrcduced gene is sometimes preferentially fixed on the 
chromosome depending on the position at which recombination takes place, and the original 
normal gene fells off from the chromosome together with the plasmid. By selecting such a 
bacterial strain, ft is possible to obtain a bacterial strain in which the normal gene on the 
chromosome is substituted with the mutation-introduced gene having base substitution, deletion, 
insertion, addition, or inversion. 

•! [mprovement in L-Glutamic Acid Productivity of Surfactant Temperature— Sensitive Mutant 
Strain by Enhancement of Genes of Glutamic Acid Biosynthesis System 

The L-glutamic acid productivity of the surfactant temperature-sensrtive mutant strain of the L*- 
glutamic acid-producing bacterium can be improved by enhancing genes of the glutamic acid 
biosynthesis system. The genes of the glutamic acid biosynthesis system having been enhanced 
in cells include, for example, phosphofructokinasc of the glycolytic pathway (PFK» Japanese 
Patent Laid— open No. 63-102692). phosphoenolpyruvate carboxylase of an anaplerotic pathway 
(PEPG, Japanese Patent Laid-open Nos. 60-87788 and 62-55089), citrate synthase of the TCA 
cycle (OS, Japanese Patent Laid-open Nos. 62-201585 and 63-1 19688), aconitate hydratase 
(AGO, Japanese Patent Laid-open No. 62-294086), isocitrate dehydrogenase (ICDH. Japanese 
Patent Laid-open Nos. 62-166890 and 63-214189), and glutamate dehydrogenase which 
catalyses amination reaction (GDH, Japanese Patent Laid-open No. 61-268185). 

Several methods as described below may be available in order to obtain the aforementioned 
genes. 

(1) A mutant strain is obtained in which a characteristic character is exhibited as a result of 
occurrence of mutation on an objective gene, and the character disappears by introducing the 
objective gene. A gene which complements the character of the mutant strain is obtained from 
chromosome of a coryneform bacterium. 

(2) If an ot^jective gene has been already obtained from another organism, and its nucleotide 
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sequence has been clarrfled, then the o^ective gene is obtained by means of a technique of 
hybridization using DNA in a region having high homology as a probe. 

(3) If a nucleotide sequence of an objective gene has been revealed fairly in detail, then a gene 
fragment containing the objective g n is obtain d by means of a PGR method (Poly'"©<'ase 
Chain Reaction Method) using chromosome of a coryneform bacterium as a template. 

The chromosome used herein can be obtained in accordance with the method of Saito et al. 
described above (H. Sarto and K. Miura. Biochenru Biophys, Acta 72, 619 (1963)). Any host-vector 
system available in the coryneform bacteria may be used, and those having been described 
above may be used. The method in the aforementioned item (3). which is effective when the 
nucleotide sequence has been clarified, was used in Example of the present invention described 
below. 

When a gene is obtained in accordance with the methods of the items (2) and (3) described 
above, an objective gene occasionally has no unique promoter. In such a case, the ohiective gene 
can be expressed by inserting a DNA fragmerrt having promoter activity in the coryneform 
bacteria into a position upstream from the objective gene. In order to enhance expression of an 
objective gene, it may be available that the objective gene is tigated at a position downstream 
from a strong promoter. Strong promoters among promoters which operate in cells of the 
coryneform bacteria include, for example, lac promoter, tac promoter, and trp promoter of 
Escherichia coli (Y. Morinaga, M. Tsuchiya, K. Miwa and K. Sano, J. Biotech., 5, 305-312 (1987)). 
In addition, trp promoter of the coryneform bacteria is also a preferable promoter (Japanese 
Patent Laid-open No. 62-195294). The tm promoter of the coryneform bacteria was used for 
expression of PEPC gene in Example of the present invention described below. 

•! Production of L-Glutamic Acid by Surfactant Temperature-Sensitive Mutant Strain Originating 
from L— Glutamic Acid-Producing Bacterium 

The method of producing L-glutamic acid according to the present invention comprises 
cuHiivating. in a liquid medium, the surfactant temperature-sensitive mutant strain originating 
from the L-glutamic acid-producing bacterium obtained as described above, producing and 
accumulating L-glutamic acid in the medium, and collecting it from the medium; 

An ordinary nutrient medium containing a carbon source, a nitrogen source, inorganic salts, 
growth factors, etc. is used as the liquid medium for the cultivation of the aforementioned 
mutant strain according to the present invention. The mutant strain of the present invention has 
an ability to produce L-glutamic acid without allowing any biotin action— suppressing agent to be 
contained in a medium even in the case of cultivation in any liquid medium containing an 
excessive amount of biotin. 

Carbohydrates such as glucose, fructose, sucrose, waste molasses, starch hydrolysate; alcohols 
such as ethanol and glycerol; and organic acids such as acetic acid may be used as the carbon 
source. Ammonium sulfate, ammonium nitrate, ammonium chloride, ammonium phosphate, 
ammonium acetate, ammonia, peptone, meat extract yeast extract, corn steep liquor, etc. may 
be used as the nitrogen source. When a mutant strain having an auxotrophy is used, a required 
substance is added as a preparation or a natural material containing it. 

Fermentation is performed for 2-7 days under an aerobic condition achieved by shaking 
cultivation, aerating and agitating cultivation or the like while maintaining pH of culture liquid at 
5~9. pH ic c^uct-od by-uc4ng-4jrea,-<:al^ium-car4>oo:»ter'2mmorH:»-g3&,-a%ueouf>^ 
like. The cultivation temperature is 24.degree,-37,degree. C, However, a better result is obtained 
by initiating cultivation at about 31.5.degree. C, and raising the temperature to 33.degree.- 
40.degree. C. preferably about 37.degree, C, at an intermediate stage of the cultivation. Nam ly. 
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the bacterium is sufficiently proliferated in the vicinity of a temp rature optimum for growth, and 
then the temperature is raised during cuh:ivation. Thus production of L"^)utamic acid is initiated 
without adding any biotin action— suppressing agent, and L-glutamic acid is produced and 
accumulated in a considerable amount in a culture liquid. 

The present inventors have found that a DTSR protein-deficient strain has an ability to produce 
L-glutamic acid without allowing any biotin action-suppressing agent to be contained in a 
medium even in the case of cultivation in any liquid medium containing an excessive amount of 
biotin. The DTSR protein-deficient strain requires oleic acid for its cultivation. However, the 
surfactant temperature— sensitive strain does not require addition of oleic acid when it is 
cultivated at an ordinary temperature, namely about 31.5,degree, C. 

Collection of L-glutamic acid produced and accumulated in the culture liquid may be carried out 
in accordance with an ordinary method. For-example, a method of ion exchange resin, a method 
of crystallization, etc. may be used. Specifically, L-glutamic acid is adsorbed and separated by 
using an anion exchange resin, or crystallized by neutralization, 

<2> PREPARATION OF SURFACTANT TEMPERATURE-SENSITIVE MUTANT STRAIN HAVING 
L-LYSINE PRODUCTIVrrY. AND PRODUCTION OF L-LYSINE AND L-GLUTAMIC ACID 

When a conventional and known L— lysine— producing bacterium originating from a coryneform L— 
glutannic acrd-producing bacterium is cultivated In a medium containing an excessive amount of 
biotin of not less than 10 .mu.g/L it produces and accumulates only L-lysine in a culture liquid 
and produces substantially no L-glutamic acid as well in the same manner as the L-glutamic 
acid-producing bacterium described above, unless a biotin action-suppressing agent such as 
surfactants or antibiotics is allowed to be contained in the medium at an initial or intermediate 
stage of cultivation. The mutant strain to be used In the present invention has an ability to 
produce both LHysine and L-glutamic acid without allowing any biotin action-suppressing agent 
to be contained in a medium even when it is cultivated in any liquid medium containing an 
excessive amount of biotin. Such a mutant strain has the L-lysine productivity in addition to the 
property of the surfactant temperature-sensitive mutant strain of the L— glutamic acid— producing 
bacterium described above. Namely, the second mutant strain of the present invention is a 
mutant strain originating from a coryneform L-glutamic acid-producing bacterium, having 
mutation to give L-lysine productivity and temperature-sensitive mutation to a biotin action- 
suppressing agent, and having an ability to produce both LHysine and L-glutamic acid in the 
absence of any biotin action— suppressing agent in a medium containing an excessive amount of 
biotrn. 

The L-lysine productivity can be usually given by using resistant mutation to S-<2-aminoethyl)- 
L-cysteine (hereinafter sometimes abbreviated as "AEG") (Japanese Patent Publication No. 48— 
28078). Other LHysine— producing mutant strains include, for example, a mutant strain which 
requires amino acid such as L-homoserine for its growth (Japanese Patent Publication No, 56- 
6499); a mutant strain which exhibits resistance to AEC and requires amino acids such as L— 
leucine, L-homoserine, L-proline. L-serine, L-arginine, L-alanine, and L-valine (U.S. Pat. Nos. 
3,708.395 and 3,825.472); an LHysine-producing mutant strain which exhibits resistance to DL- 
.alpha -amino-.epsilon.-caprolactam, .alpha.-amino-lauryllactam, aspartate-analog. sulfa drug, 
qurnoid, N-lauroylleucine; an L-lysine-producing mutant strain which exhibits resistance to 
inhibitors of oxyaloacetnte decarboxylase or reopirotory syotem onzymcd (Joponc^c Patent 
Laid-open Nos. 50-53588. 50-31093. 52H 02498. 53-9394, 53-86089, 55-9783, 55-9759, 56- 
32995 and 56-39778, and Japanese Patent Publication Nos. 53-43591 and 53-1833); an L- 
lysine— producing mutant strain which requires inositol or acetic acid (Japanese Patent Laid'-open 
Nos. 55-9784 and 55-8692); an L-lysine-producing mutant strain which exhibits sensitivity to 
fluoropyruvic acid or temperature not less than 34.degre . C. (Japane e Patent Laid-open Nos. 
55-9783 and 53-86090); and an L-Iysine producing mutant strain (U.S. Pat. No. 4,411,997). 



http://patfLuspto.gov/netacgi/nph-Parser7Sect1 =PT01&Sect2=HrrOFF&d=PALL&... 03/07/15 



United states Patent 5.846,790 . • 16/40 K—i; 



The second mutant strain of the present invention can be Induced, for xample, by giving 
temperature sensrtivrty to a biotin actiorr-suppressing ag nt such as surfactants and antibiotics 
to an L-iysine-producing bacterium originating from a coryneform L— glutamic acid^roducing 
bactenum. 

The temperature sensitivity can be given in the same manner as the introduction of temperature 
sensitivity into the first mutant strain of the present invention as described in the rtem <1> 
described above. Namely, the bacterial strain having temperature sensitivity to the biotin action- 
suppressing agent can be obtained by applying a mutation treatment such as ultraviolet light 
irradiation, X— ray irradiation, radiation irradiation, and mutating agent treatments to a coryneform 
glutamic acid-producing bacterium having L-lysine productivity, followed by conducting a replica 
method on an agar plate medium containing the biotin action-suppressing agent. Namely, the 
growth state of a parent strain in the presence of several concentrations of the biotin action- 
suppressing agent is observed at a cultivation temperature of 33.degree,-37.degree. C. 
preferably not less than 34.degree. C. to determine a maximum concentration of the biotin 
action-suppressing agent at which growth is recognized. A mutant strain may be separated 
which cannot grow or has a remarkably lowered growth speed in the presence of the biotin 
action— suppressing agent at the maximum concentration at the same temperature as that used 
above. Alternatively, as shown in the item <1> -La mutant strain temperature-scnsftivc to the 
biotin action-suppressing agent may be obtained by genetic recombination. 

Alternatively, the second mutant strain to be used in the present invention can be also obtained 
by previously inducing a mutant strain temperature-sensitive to the biotin action-suppressing 
agent from a coryneform L-glutamic acid-producing bactenum, followed by giving LHysine 
productivity to the mutant bacterial strain. 

The temperature sensitivity to the biotin action-suppressing agent and the L-lysine productivity 
are given to the coryneform L-giutamic acid-producing bacterium as described above. Thus the 
mutant strain can be bred which has the ability to produce both L-lysine and L—glutamic acjd in 
the absence of any biotin action— suppressing agent in a medium containing an excessive amount 
of biotin. 

As described in the item <1> •!, the productivity of L—glutamic acid can be improved for the 
second mutant strain of the present invention by enhancing genes of the glutamic acid 
biosynthesis system as described above, in the same manner, the LHysine productiv'rty can be 
improved by enhancing genes of the lysine biosynthesis system. 

Known examples of the genes of the lysine biosynthesis system having been enhanced in cells 
include a gene coding for aspartokinase ,alpha,-subunit protein or .beta.-subunit protein in which 
concerted feedback inhibition by L-lysine and L-threonine is substantially desensitized 
(WO94/25605 International Publication Pamphlet), a wild type p ho sphoeno I pyruvate carboxylase 
gene originating from a coryneform bacterium (Japanese Patent Laid-open No. 60-87788), a 
gene coding for wild type dihydrodipicolinate synthetase originating from a coryneform bacterium 
(Japanese Patent Publication No. 6-55149), etc. 

An ordinary nutrient medium containing a carbon source, a nrtrogen source, inorganic salts, 
growth factors, etc., which is similar to that used for cultivation of the first mutant strain 
described above, is used as a liquid medium for cultivation of the second mutant strain of the 
present invention. The second mutant strain of the present invention has an ability to produce 

LHysine and L-glutamic acid without alio Wing any biotin action suppi-essitig-agent to-be 

contained in a medium even in the case of cultivation in any liquid medium containing an 
excessive amount of biotin. 
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Fermentation is performed for 2-7 days under an aerobic condition achieved by shaking 
cultivation, agitating and aerating cuttivation or the like while maintaining pH of cuHxire liquid at 
5^. pH is adjusted by using urea, calcium carbonate, ammonia gas, aqueous ammonia nd the 
like. The cultivation temperature is 2 4.d egree.-37.de gree. C. However, a better result is obtained 
by initiating cultivation at about 31.5.degree, C, and raising the temperature to 33.degree.- 
40.degree. C, preferably about 37.degree, C. at an intermediate stage of the cultivation* Namely, 
L-lysine is mainly produced at about 31. 5. degree. but the rate of L-glutamic acid production 
is increased by raising the temperature during the cultivation. By utilizing this phenomenon, it is 
possible to control the ratio of LHysine to L-glutamic acid in a culture liquid to be finally 
obtained as desired. 

An ordinary method may be used for collecting L-lysine and L-glutamic acid produced and 
accumulated in the cuhiure liquid. For example, a method of ion exchange resin, a method of 
crystallization, etc. may be used. When the method of ion exchange resin is used, L-lysine is 
firstly adsorbed and separated from the culture liquid by using a cation exchange resirv and then 
L— glutamic acid is adsorbed and separated by using an anion exchange resin, or crystallized by 
neutralization. When L-lysine and L— glutamic acid are used as a mixture, it is of course 
unnecessary to separate these amino acids with each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows influences exerted by PESP on growth of Brevibacterium lactofermerrtum AJ13029 
and its parent strain ATCC 13869 at 31.5,degree. C and 35.degree. C. 

FIG. 2 shows surfactant resistance of Brevibacterium lactofermentum AJ11060 having an 
introduced plasmid containing dtsR gene. 

RG. 3 shows influences exerted by PESP on growth of Brevibactenum lactofermentum AJ12993 
at 31.5.degree. C. and 34.degree. C. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be more specifically explained below with reference to Examples. 
EXAMPLE 1 

Preparation of Mutant Strain Temperature-Sensitive to Biotin Action-Suppressing Agent 
Originating from Coryneform L-Glutamic Acid-Producing Bacterium 

1. Measurement of Sensitivity of L— Glutamic Acid-Producing Bacterium to Biotin Action- 
Suppressing Agent by Replica Method 

Sensitivity of Brevibacterium lactofermentum ATCC 13869 to polyoxyethylene sorbitan 
monopalmitate (PESP) was measured as follows in accordance with a replica method. 

Brevibacterium lactofermerrtum ATCC 13869 was cultivated overnight at 31.5,degree. C. on a 
CM2B agar plate medium having a composition shown in Table 1 to obtain bacterial cells. They 
were suspended in sterilized physiological saline, seeded on the aforementioned agar plate 
medium, and cultivated at 3l.S.degree. C. for 20-30 hours to form colonies. They were replicated 
on a CM2B agar medium added with each concentration of PESP, and cultivated at 3S.degree. C. 
for 20-30 hours to observe the growth state. 

TABLE 1 
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Component Concentrati on 



Polypeptone 1.0% 
(produced by Nihon Pharmaceutical) 
Yeast extract (produced by Difco) 
1.0% 

NaCl 0.5% 
D-biotin 10 .mu.g/1 

Agar 1 . 5% 



pH 7.2 



As a result, it was confirmed that the growth-permrtting concentration had a threshold value in 
the vicinity of 3 mg/dl of PESP concentration at 35.de^ee. C. as shown in Table 2. 

TABLE Z 



PESP concentration 

0 0.1 

(mg/dl) 

Colony formation 

+ + 



0.3 1.0 3.0 10 30 
+ + + - - 



2. Induction of Mutant Strain Exhibiting Temperature Sensitivity to Biotin Action-Suppressing 
Agent 

Brevibacterium lactofermentum ATCC 13869 was cultivated on a bouillon agar medium at 
31. 5. degree. C. for 24 hours to obtain bacterial cells. The obtained bacterial cells were treated at 
30,degree. C, for 30 minutes with an aqueous solution of 250 .mu.g/ml of N-methyl-N -nitro-N- 
nitrosoguanidine. A suspension of the bacterial cells at a survival ratio of 1% was then seeded on 
a CM2B agar plate medium, and cultivated at 31.5.degree. C. for 20-30 hours to form colonies. 
They were replicated on a CM2B agar medium and a CM2B agar medium added with 3 mg/dl of 
PESP respectively, and cultivated at 35.degree. C. for 20-30 hours. Bacterial strains were 
obtained* which grew on the CM2B medium but made no observable growth on the CM2B 
medium containing 3 mg/dl of PESP. Thus 720 strains were obtained from about 10,000 colonies. 
Each of the obtained bacterial strains was reconfirmed for the presence or absence of growth at 
35.degree. C. on the CM2B agar plate medium containing 3 mg/dl of PESP. Strains which 
apparently exhibited no sensitivity were excluded, and 435 strains which exhibited sensitivity 
were obtained. 

3. Confirmation of L-Glutamic Acid Productivity of Mutant Strains Exhib'rting Temperature 
Sensitivity to Biotin Action-Suppressing Agent 

The L-glutamic acid productivity was confirmed as follows for the 435 mutant strains obtained in 
the item 2. described above and their parent strain ATCC 13869. 

ATCC 13869 strain and each of the mutant strains were cultivated on the CM2B agar medium at 
31.5.degree. C. for 20-30 hours respectively to obtain bacterial cells which were seeded in a 
liquid medium having a composition of Medium A in Table 3 to start cultivation with shaking at 
31«5.degree. C. After about 22 hours, a medium was newly added so that final concentrations 
were shown in Medium B in Table 3, followed by performin-* cultivation for about 24 hours at 
31.5.degree. C. or after shifting the cultivation temperature to 35.degre . O. or 37.degr e. C. 
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After completion of the cuHivation, the presence or absence of L-glutamic acid production was 
investigated by using a Biot ch Analyzer produced by Asahi Ch mical Industry. As a result, it 
was confirmed that 106 strains among the 435 mutant strains produced glutamic acid. 

TABLE 3 



Component 



Medium A Medium B 



g/dl 



5 g/d1 
0.14 g/dl 



61 ucose 3 
KH,sub.2 PO.sub.4 

0.14 g/dl 
M9So.sub.4 .rmjUidot. 7H.5ub.2 0 

0.04 g/dl 0.04 g^dl 
FeSO.sub.4 .muUldot. 7H.sub.2 0 

0.001 g/dl 0.001 

gyfdl 

MnSO.sub.4 .rmiltidot. 4H.8ub.2 0 | 



0.001 g/dl 



(NH. sub. 4). sub. 2 SO. sub. 4 



1.5 

Soybean protein 1.5 
hydro! ysate solution 
Thiamin hydrochloride 
0.2 

Biotin 0.3 
Anti foaming agent 

0.05 

CaCO.sub.3 5 



fl/dl 
ml/dl 



mg/1 
mg/1 

ml /I 
g/dl 



0.001 i 

g/dl 

2.5 g/dl 
0.38 mVdl 



0.2 mg/1 
0.3 mg/1 

0.05 mVl 
5 g/^dl 



pH 7.0 (adjusted with XOH) 



Accumulation amounts of L-glutamic acid at each temperature are shown in Table 4 for 
representative strains of the mutant strains] and ATCC 13869 strain. 



TABLE 4 



Accumulation of glutamic acid by mutant 
Cultivation temperature 
af te r tempe rat u re s hi ft 
Bacterial strain 

31. 5. degree. C. 

35, degree. C. 

37.degr 



strains (g/dl) 



ATCC 13869 


0.0 


0.0 


0.2 


No. 21 


0.3 


2.8 


2.9 


No. 36 


2.4 


2.6 


2.7 


No. 58 


0.2 


1.9 


2.7 


No. 100 


0,4 


1.5 


2.8 


No. 121 


0.5 


1.7 


1.9 



4. Confirmation of Temperature Sensitivity to Biotin Action-Suppressing Agent 

Temperature sensitivity to PESP of the mutant strains obtained in the item 3. described above 
was confirmed as follows by means of liquid culture. 
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Each of the mutant strains and their parent strain were cultivated on the CM2B agar plat 
medium at 31.5.degree. C. for 24 hours to obtain bacterial ceHs. The obtained b cteriat cells were 
inoculated to a GM2B liquid medium and a CM2B liquid medium containing PESP at a 
concentration of 3 mg/dl to perform cultivati n with shaking at 31.5.degree. C. and 37.degree. C, 
for 24 hours. Optical densities of obtained culture liquids were measured at 660 nm* The relativ 
growth degree in the PESP-added medium was determined provided that grov/th in the medium 
without addition of PESP at each temperature was regarded as 100. Results are shown in Table 
5. 

TABLE 5 

Relative Growth degree 
Bacterial strain 

31. 5. degree, C. 

37. degree. C. 



ATCC 13859 


98 


85 


No. 21 


81 


33 


No. 36 


52 


15 


No. 58 


85 


32 


No. 100 


82 


32 


No. 121 


95 


40 



As shown in this table, Brevibacterium lactofermentum ATCC 13869 as a parent strain had a 
relative growth degree of 85 at 37.degree. C. in the presence of 3 mg/d! of PESP, while each of 
the mutant strains had a relative growth degree of 40 or less in the presence of PESP, clearly 
having sensitivity to PESP at a concentration of 3 mg/dl. 

The relative growth degree at 31.5,degree, C. and 35.degree. C. in the presence of several 
concentrations of PESP is shown in FIG. 1 for the mutant strain No. 21 among the mutant 
strains obtained in the item 3. described above and its parent strain ATCC 13869. 

Among the mutant strains. No. 21 has been designated as Brevibacterium lactofermentum 
AJ13029, deposited on Sep. 2. 1994 in National Institute of Bioscience and Human Technology of 
Agency of Industrial Science and Technology under a deposition number of PERM P-14501, 
transferred to international deposition based on the Budapest Treaty on Aug. 1, 1995, and 
awarded a deposition number of PERM BP-5189. 

EXAMPLE 2 

Production of L-Glutamic Acid 

1. Investigation on Cultivation Temperature Shift Timing 

Brevibacterium lactofermentum ATCC 13869 or AJ13029 was inoculated to a seed culture 
medium having a composition shown in Table 6» and cultivated with shaking at 31.5.degree. C, for 
24 hours to obtain a seed culture. A medium for full-scale cultivation having a composition 
shown in Table 6 was dispensed into each amount of 300 ml and poured into a jar fermenter 
made of glass having a volume of 500 ml, and sterilized by heating. After that, 40 ml of the seed 
cuHiure was inoculated thereto. Cultivation was started by using an agitation speed of 800-1,300 
rpm. an aeration amount of 1/2-1/1 vvm, and a cultivation temperature of 31.5.degr6e. C. The 
cuhure liquid was maintained to have pH of 7.5 by using ammonia gas. The cultivation 
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temperature was shifted to 37,degree. C„ 8. 12 or 16 hours after the start of cuhivation. A 
control for comparison was provided in which the cultivation temperature was not shifted, and 
cultivation was continued xactly at 31.5.degr e. C. 

TABLE 6 



Concentration 
Component Seed culture 

Full-scale culture 

Glucose 5 gTdl 15 g/dl 
KH.sub.2 PO.sub.4 

0.1 g/dl 0.2 g/dl 

MgSO.sub.4 .multidot. 7H.sub.2 0 

0.04 g/dl 0.15 g/dl 

FeSO.sub.4 .multidot. 7H.sub.2 0 

1 mg/dl 1.5 mg/dl 

HhSO.sub.4 .rouUidot. 4H.sub.2 0 

1 mg/dl 1.5 mg/dl 

Soybean protein 
hydrolysate solution 

2 ral/dl 5 ml/dl 
Biotin 50 .mu.g/1 200 .imj,g/l 
Thiamin hydrochloride 

200 .mu.g/1 300 .mu.g/1 



In any experiment, the cultivation was finished at a point in time of 20-40 hours at which glucose 
was completely consumed. The amount of L-gfutamic acid produced and accumulated in the 
cuKure liquid was measured. Results are shown in Table 7. 

TABLE 7 



L-Glutamic acid production amount 
Temperature shift 

(g/dl) 

timing (hour) ATCC 13869 AJ13029 

"8 075 873 

12 0.1 7.0 

16 0.0 5.4 

0.0 2.1 



According to the results, it is understood that AJ13029 strain produces L-glutamic acid in the 
absence of any biotin action-suppressing agent even in the medium containing an excessive 
amount of biotin by shifting the cultivation temperature from 31,5.degree. C. to 37.degree. C, and 
that the amount of L-glutamic acid increases in proportion to the earliness of the shift timing of 
the cultivation temperature. On the contrary, in the case of ATCC 13869 as the parent strain, 
little production of L-glutamic acid was observed even by shifting the cultivation temperature. 

Bacterial cells were removed by centrifugation from 1 L of cultivation-finished culture liquid 
having been subjected to the temperature shift 8 hours after the start of cultivation. L-glutamic 
acid was separated and purified from an obtained supernatant in accordance with an ordinary 
method using an ion exchange resin. Crystals of obtained sodium L-glutamate were 64.3 g. 
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2. Investi^tion on Shrft Temperature 

Cultivation of Brevibacterium lactofermentum ATCC 13869 and AJ13029 was started at 
31.5.degree. C. by using ajar fermenter made of glass having a volume of 500 m! in the same 
manner as the item 1. described above. The cuWvation temperature was shifted to 34.degree. C, 
37.degree. C. or 39,degree. 8 hours after the start of cuttivation. A control for comparison 
was provided in which the cultivation temperature was not shifted to continue cultivation exactly 
at 31.5.degree. O. In any experiment, the cultivation was finished at a point in time of 20-40 
hours at which glucose was completely consumed. The amount of L-glutamic acid produced and 
accumulated in the culture liquid was measured Results are shown in Table 8. 

TABLE 8 



L-glutamic acid production amount 
Temperature after 

(g/dl) 
shift ( , degree. C. ) 

ATCC 13869 AJ 13029 



34 0.0 5.8 

37 0.5 8.3 

39 0.9 9.2 

— 0.0 2.1 



According to the results, it is understood that there is a tendency that the amount of L-glutamic 
acid increases as the temperature after the shift becomes high when AJ13029 strain is 
cultivated and the cultivation temperature is shifted. 

EXAMPLE 3 

Preparation of Temperature-Sensitive Mutant Strain to Biotin Action-Suppressing Agent 
Originating from Coryneform L— Glutamic Acid— Producing Bacterium by Genetic Recombination 

1. Preparation of Chromosomal DNA of Brevibacterium lactofermentum ATCC 13869 (Wild Strain 
of Coryneform L-Glutamic Acid-Producing Bacterium) 

Brevibacterium lactofermentum ATCC 13869 was inoculated to 100 ml of T'^Y medium (Bacto— 
tryptone (Difco) 1%, Bacto-yeast extract (Difco) 0.5%, NaCI 0,5% (pH 7,2)). and cultivated at a 
temperature of 31.5.degree. C, for 8 hours to obtain a culture preparation. The culture 
preparation was treated by centnfugation at 3,000 r.p.m. for 15 minutes to obtain 0.5 g of wet 
bacterial cells. Chromosomal DNA was then obtained from the bacterial cells in accordance with 
a method of Saito and Miura (Biochem. Biophys. Acta., 72. 619 (1963)). Next 60 .mu.g of the 
chromosomal DNA and 3 units of a restriction enzyme Sau3A[ were respectively mixed with 10 
mM Tris-HCI buffer (containing 50 mM NaCI. 10 mM MgSO.sub.4. and 1 mM dithtothreitol (pH 
7.4)), and reacted at a temperature of 37.degree. G. for 30 minutes. The solution after completion 
of the reaction was subjected to treatments of phenol extraction and ethanol precipitation in 
accordance with an ordinary procedure to obtain 50 .mu.g of chromosomal DNA fragments of 
Brevibacterium lactofermentum ATCC 13869 digested with Sau3AL 

2. Construction of Gene Library of Brevibacterium lactofermentum ATCC 1 3869 by Utilizing 
Plasmid Vector DNA 
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In order to prepare a gene library capable of introduction into cells of both Eschenchia coli and 
bacteria belonging to the genus Corynebactenum, a plasmid autonomously replicable in cells of 
the both was prepared. Specifically, a plasmid pHK4 (Japanese Patent Laid-open N . 5-7491) 
having a replication origin from an already obtained plasmid pHM1519 (Agric. Biol Chem^ 48, 
2901-2903 (1984)) autonomously replicable in coryneform bacteria was digested with restriction 
enrymes BamHI and Kpnl to obtain a gene fragment containing the replication origin. The 
obtained fragment was blunt-ended by using a DNA b(unt end formation kit (produced by Takara 
Shuzo. Blunting kit), and then inserted into a Sail site of a plasmid vector pHSG399 (produced by 
Takara Shuzo) by using a Sail linker (produced by Takara Shuzo) to construct pSAC4. 
Escherichia coli HB101 harboring pHK4 has been designated as Escherichia coli AJ13136, and 
deposited on Aug. 1, 1995 in National Institute of Bioscience and Human Technology of Agency 
of tndustrial Science and Technology under a deposition number of FERM BP-5186. 

pSAC4 (20 .mu.g) constructed as described above and a restriction enzyme BamHI (20 units) 
were mixed with SO mM Tris-HCI buffer (containing 100 mM NaCI and 10 mM magnesium sulfate 
(pH 7.4)), and reacted at a temperature of 37.degree. C. for 2 hours to obtain a digested solution. 
The solution was subjected to treatments of phenol extraction and ethanol precipitation in 
accordance with an ordinary procedure. After that, in order to prevent DNA fragments originating 
from the plasmid vector from religation, the DNA fragments were dephosphorylated by means of 
a treatment of bacterial alkaline phosphatase in accordance with a method of Molecular Cloning 
2nd edition (J. Sambrook, E. F. Fritsch and T. Maniatis, Cold Spring Harbor Laboratory Press, pi. 
56 (1 989)), followed by treatments of phenol extraction and ethanol precipitation in accordance 
with an ordinary procedure. 

pSA04 (1 .mu.g) digested with BamHL the chromosomal DNA fragments (1 .mu.g) of 
Brevibacterium lactofermentum ATCC 13869 digested with Sau3AI having been obtained in the 
item 1., and T4 DNA ligase (2 units) (produced by Takara Shuzo) were added to 66 mM Tris-HCI 
buffer (pH 7.5) containing 66 mM magnesium chloride. 10 mM dithiothreitol, and 10 mM ATP, and 
reacted at a temperature of 16.degree. 0- for 16 hours to ligate DNA. Next, the DNA mixture was 
used to transform Escherichia coli DH5 in accordance with an ordinary method, which was 
spread on an L— agar medium containing 170 .mu.g/ml of chforamphenicol. About 20,000 colonies 
were obtained. Thus a gene library was constructed. 

3. Transformation of Brevibacterium laotofermentum AJ11060 

Recombinant DNA was recovered from the about 20,000 colonies described above. The recovery 
was performed in accordance with the method of Saito and Mlura described above. 

The recombinant DNA mixture was divided into 50 batches which were introduced into the 
mutant strain AJ11060 having increased surfactant sensitivity in accordance with an ordinary 
method for transformation by using electric pulses (Japanese Patent Laid-open No. 2-207791). 
Transformants were inoculated to a glucose-added L-agar medium, and stationarily cultivated at 
3l.5.degree. C. Thus about 20,000 transformants appeared. These transformants were then 
replicated on the plate containing 30 mg/l of a surfactant. Several strains, which exhibited 
resistance to the surfactant and were capable of growth on the aforementioned plate, were 
obtained from them. 

4. Examination of Surfactant Resistance of Strain Harboring Multiple Copies of dtsR Gene 

Recombinant DNA was extracted respectively from grown several strains, and AJ11060 strain 
was retransformed by using the DNA, A strain which exhibited surfactant resistance also in this 
experiment was obtained. Recombinant DNA harbored by this strain was designated as "pOTRG", 
and the gene to give surfactant resistance carried by the plasmid was designated as "dtsR*'. 
AJ11060 strain into which the plasmid has been introduced was suppressed in growth inhibition 
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in a liquid medium (80 g of glucose. 1 g of KKsub.2 PO-sub.4, 0.4 g of MgSO.sub.4.7Ksub.2 O, 30 
g of {NH.sub.4).sub.2 SO.sub.4, 0,01 g of FeSO.sub.4.7H.sub.2 O, 0.01 g of MnSO.sub,4.7H.sub.2 O, 
15 ml of soybean hydrolysate. 200 .mu.g of thiamine hydrochloride, 300 .mu.g of biotin, 4 mg of 
chloramphentcol, 3.0 g of polyoxyethylene sorbitan monopatmitate and 50 g of CdCO.$ub.3 in one 
liter of pure water (the pH of the medium having been adjusted to 8.0 with KOH)) to which 3 g/L 
of a surfactant was added (RGi, 2). 

5. Preparation of Plasmid DNA 

The plasmid was prepared in accordance with an ordinary method from AJ11060/pDTR6 
containing the recombinant DMA obtained as- described above, and Introduced into Escherichia 
coli JM109. Obtained Escherichia coll JM109/pDTR6 was preliminarily cultivated at a 
temperature of 37.degree. C. for 24 hours in 20 ml of a medium comprising tryptone 1%, yeast 
extract 0.5%, and NaCl 0.5%. An obtained culture liquid (20 mi) was inoculated to a medium (1 I) 
having the same composition as that described above to perform cultivation at a temperature of 
37.degree. C, for 3 hours, followed by addition of chloramphenicol (0.2 g). CuHJvation was further 
performed at the same temperature for 20 hours to obtain a culture liquid Next the culture 
liquid was treated by centrifugation at 3,000 r.p.m. for 10 minutes to obtain each 2 g of wet 
bacterial cells which were suspended in 350 mM Tris-HCI buffer (20 ml, pH 8.0) containing 25% 
sucrose. Lysozyme (produced by Sigma) 10 m& 0.25M EDTA solution (8 ml, pH 8.0), and 20% 
sodium dodecyl sulfate solution (8 ml) were then respectively added thereto. A temperature- 
holding treatment was performed at a temperature of 60.degree. C. for 30 minutes to obtain a 
bacterial lysate solution. A solution of 5M NaCl (13 ml) was added to the bacterial lysate solution 
to perform a treatment at a temperature of 4.degree. C. for 16 hours, followed by centrifugation 
at 15,000 r.p.m. for 30 minutes. An obtained supernatant was subjected to treatments of phenol 
extraction and ethanol precipitation in accordance with an ordinary procedure to precipitate 
DMA. 

The precipitate was dried under a reduced pressure, and then dissolved in 10 mM Tris~HCI 
buffer (6 ml, pH 7.5) containing 1 mM EDTA. Cesium chloride (6 g) and ethidium bromide (0.2 ml, 
19 mg/ml) were added thereto. An equilibrium density-gradient centrifugation was performed at 
39,000 r.p.m. for 42 hours by using an uHracentrifuge to isolate DMA. Ethidium bromide was 
removed by using n-butanol, followed by dialysis against 10 mM Tris-HCI buffer (pH 7.5) 
containing 1 mM EDTA to obtain about 500 .mu.g of pDTR6 as purified recombinant DNA. A 
private number of AJ 12967 is given to Escherichia coli JM109/pDTR6, This strain has been 
deposited on Feb. 22, 1994 in National Lnstrtute of Bioscience and Human Technology of Agency 
of Industrial Science and Technology under a deposition number of PERM P-1 41 68, transferred 
to international deposition based on the Budapest Treaty on Feb, 9, 1995, and awarded a 
deposition number of PERM BP-4994. 

6. Analysis of Nucleotide Sequence of DNA Containing dtsR Gene 

The nucleotide sequence was determined by using the recombinant DNA obtained in the item 5. 
The nucleotide sequence was determined in accordance with a method of Sanger by using Taq 
DyeDeoxy Terminator Cycle Sequencing Kit (produced by Applied Biochemical). The obtained 
DNA containing the dtsR gene had a nucleotide sequence as shown in SEQ ID NO: 1 in 
Sequence Listing. The longest open reading frame existing in this sequence was a nucleotide 
sequence from 359th A to 1987th G in the nucleotide sequence shown in SEQ ID NO: 1. 
However, it was postulated that 467— 469th ATQ might be an initiation codon according to 
analysis of a consensus sequence existing in a region upstream from the gene. An amino acid 
sequence, which can be encoded by the open reading frame from 359th A to 1987th Q, is shown 
in SEQ ID NO: 1 in Sequence Listing together with its nucleotide sequence. The amino acid 
sequence is singly shown in SEQ ID NO: 2 in Sequence Listing. A protein encoded by a 
nucleotide sequence comprising 467-1 987th nucleotides was regarded as "DTSR protein". 
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tt is well-known that the methionine residue existing at the N— tenminal of a protein is removed 
by the action of peptidas after translation. This is due to the fact that the methionine at the N- 
tenminal originates from ATG as the translation initiation codon, and thus it often has no relation 
to an essential function of the protein. It Is probable that the removal of methionine residue may 
occur also in the case of the DTSR protein of the present invention. 

The nucleotide sequence and the amino acid sequence were respectively compared with known 
sequences with respect to their homology. EMBL and SWISS-PROT were used as data bases. 
As a result, it has been confirmed that the gene shown in SEQ ID NO: 1 in Sequence Listing and 
the protein encoded by it are novel. However* it has been revealed that there is homology to an 
already reported protein. This protein is described as .beta.— subunit of propionyl—CoA 
carboxylase (PPC) protein in Proc. Natl. Acad Sci. USA, vol. 83 (1986) 8049-8053; Proc Natl. 
Acad. Sci. USA, vol. 83 (1986) 4864-4868; and Gene, vol. 122 (1992) 199-202. 

7. Preparation of Mutant Type dtsR Gene 

The dtsR gene coding for the temperature— sensitive mutant type DTSR protein was obtained in 
accordance with the following method, pDTR6 plasmid was subjected to a hydroxylamine 
treatment in vitro in accordance with a method described In a literature, Shortle, D. and Nathans, 
D., Proc. Natl. Acad. Sci. U.S.A., 75, 270 (1978). and it was introduced into AJ1 1060 by using the 
electric pulse method described above. About 20.000 strains of transfomr«nts were cultivated on 
an M-CM2G agar medium at 25.degree. C, for 30 hours to form colonies. The colonies on each 
plate were replicated on two plates of the medium containing 30 mg/l of a surfactant, followed 
by cultivation at 31.5.degree. C. and 35.degree. C. for 20 hours. After that, two strains were 
obtained which grew at 31.5.degree. C. but did not grow at 35.degree. C. Plasmids were extracted 
from the two strains in accordance with an ordinary method. Thus pDTR6-1 1 and pDTR6-77 
were obtained. 

8. Construction of Mutant Type dtsR Gene-Introduced Strains by Gene Substitution 

Mutant type dtsR gene-substituted strains were obtained in accordance with a homologous 
recombination method by using a temperature-sensitive plasmid as described in Japanese 
Patent Laid-open 5-7491. Specifically, pDTR6-11 and pDTR6-77 described above were digested 
wrth Xbal and Kpn[, and the obtained fragments containing the dtsR gene thereof were ligated 
with pHSG398 (produced by Takara Shuzo) having been digested with Xbal and Kpnl by using the 
method described above to obtain pHSGX-K-11 and pHSGX-K-77 respectively. 

Next, a plasmid pHSG4 (Japanese Patent Laid-open No. 5-7491) having a mutant type 
replication origin with its temperature- sensitive autonomous replicability obtained from a plasmid 
autonomously replicable in coryneform bacteria was digested with restriction enzymes BamH[ 
and Kpnl to obtain a gene fragment containing the replication origin. The obtained DNA fragment 
was blunt-ended by using © DNA blunt end formation kit (produced by Takara Shuzo, Blunting 
kit), and then inserted into Kpnl recognition sites of pHSGX-K-1 1 and pHSGX-K-77 by using a 
Kpnl linker (produced by Takara Shuzo) to construct plasmids pKTCX-K-1 1 and pKTCX-K-77. 
Escherichia coli AJ12571 harboring pHSC4 has been deposited on Oct 11, 1990 in National 
Institute of Bioscience and Human Technology of Agency of Industrial Science and Technology 
under a deposition number of PERM P-11763. transferred to international deposition based on 
the Budapest Treaty on Aug. 26, 1991, and deposited under a deposition number of PERM BP- 
3524. 

The two plasmids were respectively introduced into Brevibacterium lactofermentum ATQC 
13869 by using an electric pulse method, and the dtsR gene on chromosome was substituted 
into a mutant type in accordance with a method described in Japanese Patent Laid— op n No. 5— 
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7491. Specifically, Brevibacterium lactofermentunn ATCC 13869/pKTCX-K-1 1 and ATCC 
13869/pKTCX-K"77 were cultivated with shaking in an M-CM2G liquid nnedium at 25.degree. C. 
for 6 hours, and then spread on an M-CM2G medium containing 5 .mu.g/ml f chloramphenicol 
Strains which formed colonies at 34.degree, C. were obtained as p las midHncorp orated strains. 
Next, strains, which were sensitive to chloramphenicol at 34.degree. were obtained from the 
plasmid-incorporated strains by using a replica method. No, 11 strain and No- 77 strain as strains 
with lost surfactant resistance at 34.degree. C. were obtained from the sensitive strains. In these 
strains, the dtsR gene on chromosome is substituted into a mutant type. A DMA fragment 
obtained by amplifying the region containing the mutant type dtsR gene of the strain No.1 1 by 
PGR method using the plasmid pHSGX^-11 as a template was inserted at HincH recognition 
site of the plasmid pHSG299 (produced by Takara Shuzo) to obtain a plasmid pHSGDTSR1 1. 
Escherichia coli JM109 into which the ptasmid pHSGDTSR1 1 was introduced was designated as 
AJ13137, and deposited on Aug. 1. 1995 in National Institute of Bioscience and Human 
Technology of Agency of Industrial Science and Technology under a deposition number of FERM 
BP-5187. The mutant type dtsR gene of the strain No.1 1 can be obtained by digesting the 
plasmid pHSGDTSRi 1 with the restriction enzymes SphI and KpnI. 

9. L-Glutamic Acid Productivity of No. 1 1 Strain and No. 77 Strain 

The productivity of L-glutamic acid was evaluated for No. 11 strain and No. 77 strain obtained in 
the item 8, described above in the same manner as Example 2. Specifically, the same media as 
those in Example 2 were used, and the cultivation temperature was shifted to 37. degree. C. on 
the 8th hour after the start of cultivation. As a result, the yield of L-giutamic acid of the strains 
having the mutant type gene was improved as shown in Table 9. 

TABLE 9 

Bacterial strain 

L-Glutamic acid (g/dl) 

ATCC 13869 OTs 
No. 11 7.5 
No. 77 6.9 



EXAMPLE 4 

Enhancement of Genes of Glutamic Acid Biosynthesis System in Surfactant Temperature- 
Sensitive Mutant Strain Originating from L-Glutamic Acid-Producing Bacterium 

1. Cloning of gdh, qltA and icd Genes 

gdh (gfutamate dehydrogenase gene), gItA (citrate synthase gene), and icd (isocitrate 
dehydrogenase gene) of Brevibacterium lactofermentum were cloned by the PGR method. 
Primers to be used for the PGR method were synthesized on the basis of already reported 
sequences of gdh gene (Molecular Microbiology. 6(3), 317-326 (1992)). gItA gene (Microbiology, 
140. 1817-1828 (1994)), and icd gene (J. Bacterid,. 177, 774-782 (1995)) of Corynebacterium 
glutamicum. Oligonucleotides shown in SEQ ID NO: 3 (5* side) and SEQ ID NO: 4 (3* side) in 
Sequence Listing as primers for amplifying the gdh gene, oligonucleotides shown in SEQ DD NO: 5 
(r side) and SEQ ID NO: 6 (3' side) as primers for amplifying the gItA gene, and oligonucleotides 
shown in SEQ ID NO: 7 (5' side) and SEQ ID NO: 8 (3' side) as primers for amplifying the icd 
gene were respectively synthesized and used. 
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Chromosomal DNA was prepared from Brevibacterium lactofermentum ATCC13869 in 
accordance with the method described in ExampI 3, which was used as a template to perform 
PCR by using the aforementioned oligonucleotides as primers. Both ends of obtained 
amplification products were blunt-ended by using a commercially available DNA blunt end 
formation kh (produced by Takara Shuzo, Blunting krO. followed by cloning into a Smal s'tte of a 
vector plasmid pHSQ399 (produced by Takara Shuzo) respectively to obtain plasmids pHSG-gdh, 
pHSG-gttA, and pHSG-icd. 

2. Cloning of ppc Gene 

Chromosomal DNA of Brevibacterium lactofermentum ATCC13869 was prepared in accordance 
wrth the method described in Example 3« which was used as a template to obtain a DNA 
fragment of about 3.4 Kbp containing ppc gene coding for PEPC (phosphoenolpyruvate 
carboxylase) by using the PCR method Primers to be used for the PCR method was synthesized 
on the basis of an already reported sequence of ppc gene of Coryne bacterium qlutamicum 
(Gene. 77, 237-251 (1989)), The PGR reaction was conducted in the same manner as described 
above. Sequences of the primers are shown in SEQ [D NO: 9 (5* side) and SEQ ID NO: 10 (3' 
side). 

An amplification product of the PCR reaction was digested with a restriction enzyme Sail 
(produced by Takara Shuzo) and inserted at a Sail site of the plasmid pHSQ399 to obtain a 
plasmid pHSG-ppc\ The ppc gene of pHSG-ppc* 's inserted in a direction opposite to that of lac 
promoter of pHSG399. 

Next, a promoter of tryptophan operon known as a promoter capable of operation in 
Brevibacterium lactofermentum (Gene, 53, 191-200 (1987)) was inserted into a position 
upstream from the ppc gene on pHSG-ppc\ This promoter is known to exhibit its activity with a 
sequence comprising 51 nucleotides shown in SEQ ID NO: 1 1 in Sequence Listing. A nucleotide 
strand having the sequence shown in SEQ ID NO: 1 1 and a nucleotide strand having a sequence 
of SEQ ID NO: 12 as a complementary strand of it were synthesized so as to obtain double- 
strand DNA containing the 51 base pairs having the promoter activrty with both ends coinciding 
with those of a digested fragment by restriction enzymes Kpnl and XbaL 

The both synthesized DNA's were mixed at a concentration of about 10 pmol/.muj for each of 
them, heated at lOO.degree. C. for 10 minutes, and then left and cooled at room temperature t 
achieve annealing. pHSG-ppc' was digested with restriction enzymes Kpnl and Xbal (produced by 
Takara Shuzo), and ligated with the aforementioned promoter. The ligation reaction was 
performed by using a ligation kit produced by Takara Shuzo. Thus a plasmid pHSG^pc was 
obtained in which one copy of the promoter of tryptophan operon was inserted into a position 
upstream from the ppc gene. 

3. Construction of Plasmid [ncorporated with Three Types of Genes of gdh, gltA, and icd 

Three types of the genes of gdh, gltA, and icd were ligated to construct a plasmid Specifically, 
the plasmid pHSG-gdh was digested wrth a restriction enzyme EcoRI, and b!unt-ended by using a 
commercially available DNA blunt end formation kit (produced by Takara Shuzo, Blunting kit), 
with which the PCR-amplified product of the gftA gene with both ends blunt-ended as described 
above was ligated to obtain a plasmid pHSG-gdh+gltA. Further, the plasmid pHSG-gdh+gltA was 
digested with a restriction enzyme Kpnl, and blunt-ended in the same manner, with which the 
PCR-amplified product of the icd gene with both ends blunt-ended as described above was 
ligated to obtain a plasmid pHSG-gdh+gltA+icd, 

4. Construction of Plasmid Incorporated with Three Types of Genes of gdh, gltA, and ppc 
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Three types of the genes of gdh, gitA, and ppc were ligated to construct a plasmid. Specifically, 
th plasmid pHSG-gdh+gttA was digested wrth a restriction enzyme KpnL The plasmid pHSG-ppc 
was digested with restriction enzymes Kpnl and Sail to obtain a ppc gene fragment having the 
promoter of tryptophan operon at an upstream position. The obtained fragment was blunt-ended 
by using a DNA blunt end formation kit (produced by Takara Shuzo, Blurrting kit), and then 
inserted into a Kpnl site of the plasmid pHSG-gdh+gltA by using a Kpnl linker (produced by 
Takara Shuzo) to obtain a plasmid pHSG-gdh*gltA+ppc. 

5, Introduction of Replication Origin for Coryneform Bacterium into the Aforementioned Plasmids 



In order to make pHSG-gdK pHSG-gltA, pHSG-ppc. pHSG-icd. pHSG-gdh+gltA+icd, and pHSG- 
gdh+gitA+ppc autonomously replicable in cells of coryneform bacteria, an already obtained 
replication origin originating from a plasmid pHM1519 (Agric. Biol. Chem., 48. 2901-2903 (1984)) 
autonomously replicable in coryneform bacteria was introduced into pHSG— gdh, pHSG^gttA, 
pHSG-ppc, pHSGHcd. pHSG-gdh+gltA+icd. and pHSG-gdh+gltA+ppc. 

Specifically, a plasmid pHK4 (Japanese Patent Laid-open No. 5-7491) having the replication 
origin from pHM15l9 was digested with restriction enzymes BamHI and Kpnl to obtain a gene 
fragment containing the replication origin. The obtained fragment was blunt-ended by using a 
DNA blunt end formation kit (produced by Takara Shuzo, Blunting kit), and then inserted into a 
Kpnl srte of pHSG-gdh. pHSG^gHA pHSG-ppc. and pHSG-icd respectively by using a Kpnl link r 
(produced by Takara Shuzo) to obtain pGDH, pGLTA, pPPC, and pICD, The replication origin 
from pHM1519 was inserted into pHSG-gdh-t-g!tA+icd and pHSG-gdh+gltA+ppc respectively at 
their Sail sites in the same manner by using the SalE [inker (produced by Takara Shuzo) to obtain 
pGDH+GLTA+rCD and pGDH+GLTA+PPC. 

6. Confirmation of Expression of Each of Genes Contained in pGDH, pGLTA, pPPC, pICD, 
pGDH+GLTA+ICD, and pGDH+GLTA+PPC 

It was confirmed that each of the genes on pGDH, pGLTA pPPC, pICD, pGDH+GLTA+ICD, and 
pGDH+GLTA+PPG was expressed in cells of Brevibacterium lactofermentum. and that these 
plasmids fulfilled the function of gene amplification. 

Specifically, each of the plasmids was Introduced into Brevibacterium lactofermentum ATCC 
13869 by using an electric pulse method (Japanese Patent Laid-open No. 2-207791). Obtained 
transformants were selected on a CM2G plate medium containing 4 ,mu.g/ml of chloramphenicol 
(containing polypeptone 10 g» yeast extract 10 g,. glucose 5 g, NaCI 5 g, and agar 15 g per 1 L of 
pure water, pH 7,2). The obtained transformants were cultivated on the CM2G agar medium, 
inoculated to a medium containing glucose 80 g, KH.sub.2 PO.sub.4 1 g, MgSO,sub.4.7H.sub.2 O 
0.4 g, (NH.sub.4).sub,2 S0.sub,4 30 g, FeSO.sub;4,7H.sub.2 O 0.01 g, MnSO.sub.4.7H.sub.2 O 0,01 
g, soybean hydrolysate solution 15 ml, thiamin hydrochloride 200 .mu.g, biotin 300 .mu.g. and 
CaC0,sub.3 50 g per 1 L of pure water (with pH adjusted to 8.0 wrth KOH), and cultivated at 
Sl.S.degr-ee. C. for 16 hours. The culture liquid was centrifuged in accordance with an ordinary 
method to collect bacterial cells. 

Crude extracts obtained by disrupting the bacterial cells were used to measure the GDH 
(glutamate dehydrogenase) activity of ATCC 13869/pGDH, ATCC 13869/pGDH+GLTA+CCD, and 
ATCC 13869/pGDH+GLTA+PPC in accordance with a method described in Molecular 
Microbiology, 6(3). 317-326 (1992). As a result it was found that each of the transformants had 
the GDH activity which was about 13 times greater than that of ATCC 13869/pSAC4 as a 
control (Table 1 0). 

The CS (citrate synthase) activrty of ATCC 13869/pGLTA. ATCC 13869/pGDH+GLTA+ICD, and 
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ATCC 13869/pGDH^-GLTA+PPC was measured in accordance with a method described in 
Microbiology, 140, 1817-1828 (1994). The ICDH (isocrtrate dehydrogenase) activity of ATCC 
13869/pICD and ATCC 13869/pGDH+GLTA+ICD was measured in accordance with a method 
described in J. BacterioL, 177, 774-782 (1995). The PEPC activity of ATCC 13869/pPPC and 
ATCC 1 3869/pGDH+GLTA+PPC was measured in accordance with a method described in Gene. 
77, 237-251 (1989), Measurement results are shown in Tables 11-13. It was found that any 
transformant had the activity of each of the objective enzymes which was about 2-20 times 
greater than that of ATCC 13869/pSAC4 as a control. According to this fact, it was confirmed 
that each of the genes on pGDK pGLTA, pPPC, pICD, pGDH+GLTA+ICD, and pGDH+GLTA+PPC 
was expressed in cells of Brevibacterium lactofermentum, and fuHllJed the function thereof. 

TABLE 10 



6DH activity 

Bacterial strain (.increment.Abs/min/nrig protein) 



ATCC 13869/pGDH 1.36 
ATCC 13B69/PGDH + GLTA + ICD 
1.28 

ATCC 13869/pGDH + GLTA + PPG 
1 33 

ATCC 13869/pSAC4 o!l1 



TABLE 11 



CS activity 

Bacterial strain ( . mu . mol /mi n/mg protein) 



ATCC 13869/p(3LTA 5.5 
ATCC 1386g/pGDH + GLTA + ICO 
4.8 

ATCC 13869/p60H + GLTA + PPG 
4.8 

ATCC 13869/p$AC4 0.7 



TABLE 12 



PEPC activity 
Bacterial strain (Units/min/mg protein) 



ATCC 13B69/pPPC 1.12 
ATCC 13869/pGOH + GLTA + PRC 
1.04 

ATCC 13869/pSAC4 0.11 



TABLE 13 



ICDH activity 
Bacterial strain (Units/mi n/m9 protein) 



ATCC 13869/pICD 3.5 
ATCC 13869/pGDH + GLTA + ICD 
2.8 

ATCC 13869/pSAC4 1.0 



7. L-GIutamic Acid Production by AJ13029 Strain, and AJ13029 Strains with Amplified gdh, gItA. 
ppc. and icd Genes 
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A medium (300 ml) containing glucose 60 g. KKsub.2 P0.sub,4 1 g, MgSO.sub.4.7H.sub,2 O 0.4 g, 
(NH.sub.4).sub,2 SO.sub.4 30 & FeSO.sub.4.7H.sub.2 O 0.01 g. MnSO.sub.4.7H.sub.2 O 0.01 g. 
soybean hydrolysate solution 15 ml, thiamin hydrochloride 200 .mu,g, and biotin 450 .mu.g per 1 L 
of pure water was poured into ajar fermenter having a volume of 1 I, and sterilized by heating. 
Bacterial cells of each of the strains obtained by cuWvation on a CM2G agar medium were 
inoculated thereto, and cultivated at 31.5.degree. C. for 30 hours while controlling pH at 7.0 wHh 
ammonia gas. 

The bacterial cell density and the amount of L"glutamic acid accumulated in the medium after 
the cultivation were measured in the same manner as described above. Resu^ts are shown in 
Table 14, 



TABLE 14 







Cell 


density 








L-^lutamic acid 


Bacterial 


1 strain 








Plasmid 


(OD) 


(9/1) 


AJ 13029 




0.95 


33 


AJ 13029 


pGDH 


1.01 


35 


AJ 13029 


pGLTA 


0.93 


37 


AJ 13029 


pICO 


0.93 


37 


AJ13029 


pPPC 


0.84 


38 


AJ13029 


pGDH + GLTA + 


ICD 








1.05 


39 


AJ13029 


pGDH + GLTA + 


PPC 








0.95 


41 


AJ13029 


pSAC4 


0.93 


33 



EXAMPLE 5 

Preparation of Mutant Strains Temperature-Sensitive to Biotin Action- Suppressing Agent from 
L-Lysin-Producing Strain Originating from Coryneform L-Glutamic Acid-Producing Bacterium 

1. Measurement of Sensitivity to Biotin Action-Suppressing Agent of L-Lysine-Producing Strain 
by Replica Method 

Sensitivity of an LHysine— producing strain having AEG resistance. Brevibacterium 
lactofermentum AJ11446 (Japanese Patent Publication No. 62-24073) induced by mutation from 
Brevibacterium lactofenmentum ATCC 13869 to polyoxy ethylene sorbitan monopalmitate (PESP) 
was measured as follows in accordance with a replica method. 

Brevibacterium lactofermentum AJ11446 was cultivated overnight at 31.5,degree. C. on an 
MCM2G agar plate medium having a composition shown in Table 15 to obtain bacterial cells. 
They were suspended in sterilized physiological saline, seeded on the aforementioned agar plate 
medium, end cultivated at 31.5.degree. C. for 20-30 hours to form colonies. They were replicated 
on an MCM2G agar medium »HHf>H with each concentretion cf PESP, snd cu.HJvaiad- at-34*dogroo. •• 
C. for 20-30 hours to observe the growth state. 

TABLE 15 



Conponent Concentration 
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Glucose 0.5% 
Polypeptone 1.0% 
(produced by Nihon Phannaceutical ) 
Yeast extract (produced by Oifco) 
1.0% 

MaCl 0.5% 
OL-fnethi oni ne 0.02% 
Agar 1 . 5% 



pH 7.2 



As a result, it was confirmed that the growth had a threshold value in the vicinity of 3 mg/dl of 
PESP concentration under this condition as shown in Table 16, 



TABLE 16 



PESP concentration 

0 0,1 0.3 1.0 3.0 10 30 

(nig/dl) 

Growth + + + + + - - 



2. Induction of Mutant Strain Exhibiting Temperature Sensitivity to Biotin Action-Suppressing 
Agent 

Brevibacterium lactofermentunn AJ11446 was cultivated on a bouillon agar medium at 
31.5.degree. C. for 24 hours to obtain bacterial cells. The obtained bacterial cells were treated at 
30.degree. C, for 30 mtnutes with an aqueous solution of 250 .mu.^ml of N-methyl-N'-nitro— N- 
nrtrosoguanidine. A suspension of the bacterial cells at a survival ratio of 1% was then seeded on 
an MCM2G agar plate medium, and cultivated at 3l.5.degree. C. for 20-30 hours to form colonies, 
They were replicated on an MCM2G agar medium and an MCM2G agar medium added with 3 
mg/dl of PESP respectively, and cultivated at 34.degree. C. for 20-30 hours. Bacterial strains 
were collected, which grew on the MCM2G medium but made no observable growth on the 
MCM2G medium containing 3 mg/dl of PESP. Thus 250 strains were obtained from about 10,000 
colonies. Each of the obtained bacterial strains was reconfirmed for the presence or absence of 
growth at 34.degree. C. on the MCM2G agar plate medium containing 3 mg/dl of PESP. Strains 
which apparently exhibrted no sensitivity were excluded, and 166 strains which exhibh:ed 
temperature sensitivity were obtained. 

3. Confirmation of Co-Productivity of L-Lysine and L-Glutamic Acid of Mutant Strains Exhibiting 
Temperature Sensitivity to Biotin Action-Suppressing Agent 

The productivity of L-lysine and L-glutamic acid was confirmed as follows for the 166 mutant 
strains obtained in the item 2. described above and their parent strain AJ1 1446. 

AJ11446 strain and each of the mutant strains were cultivated on the MCM2G agar medium at 
31.5-degree. C. for 20-30 hours respectively to obtain bacterial cells which were seeded in a 
liquid medium having a composition shown in Table 17 to start cultivation with shaking at 
31,5.degree. C. After 16 hours, the cultivation temperature was shifted to 34.degree. C. to 
perform cultivation exactly for 48 hours in total. After completion of the cultivation, the presence 
or absence of L-lysine and L^glutamic acid production was investigated by using thin layer 
chromatography. As a result, it was confirmed that 31 strains among the 166 mutant strains 
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simuKaneously produced the two amino acids. When the 31 strains were cultivated at 
31,5.degree. C. for 48 hours without shrfting the cultivation temperature, co-p^oducti n of L- 
Jysine and L-glutamic acid was observed with respect to 3 strains. 

TABLE 17 



Component Concentration 



Glucose 10 9/dl 

KH.sub.2 PO.sub.4 O.T g/dl 
MgSO.sub.4 .multfdot. 7H.sub.2 0 

0.04 g/dl 
FeSO.sub.4 .nrultidot. 7H.$ub.2 0 

0.001 9/d1 
MnSO.sub.4 .multidot. 4H.sub.2 0 

0.001 g/dl 
(NH.sub.4).sub.2 SO. sub. 4 

2 g/dl 
Soybean protein 3 ml/dl 

hydrolysate solution 
DL-alanine 0.35 g/dl 

Nicotinic acid amide 5 rog/1 
Thiamin hydrochloride 0.2 mg/1 
Biotin 0.3 mg/l 

Antifoaming agent 0.05 ml/1 
CaCO.sub.3 5 g/dl 



pH 7.0 



Accumulation amounts of L-lysine and L-glutamic acid are shown in Table 18 for representative 
strains of the mutant strains and AJ1 1446 strain. 



TABLE 18 



Bacterial 


Temperature 


Lys 


Glu 


strain 


shift 


(g/dl) 


(g/dl) 


AJ 11446 


yes 


2.09 


0,00 




no 


2.41 


0.00 


EK-01S 


yes 


2.17 


0.70 




no 


2.35 


0.00 


EK-036 


yes 


2.35 


0.34 




no 


2.20 


0.14 


EK-100 


yes 


1.69 


0.93 




no 


1.71 


0.47 


EK-112 


yes 


1.96 


0.69 




no 


2.50 


0.00 


EK-117 


yes 


0.99 


1.88 




no 


1.70 


0.00 



4. Confirmation of Temperature Sensitivity to Biotin Action-Suppressing Agent 

Temperature sensitivity to PESP of the bacteria for sinnultaneously producing L-lysine and L- 
gtutamic actd obtained in the item 3. described above was confirmed as follows by means of 
liquid culture. 
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Each of the mutant strains and their parent strain were cultivated on the MCM2G agar plate 
medium at 31.5.degree. C. for 24 hours to obtain bacterial cells. The obtained bacterial cells were 
Inoculated to an MCM2G liquid m dium and an MCM2G liquid medium containing PESP at a 
concentration of 1 mg/dl to perform cultivation with shaking at 31.5.degree. C. and 34.degree. C. 
for 24 hours. Optical densities (0,D.) of obtained culture liquids were measured at 660 nm. The 
relative growth degree in the PESP-added medium was determined provided that growth in the 
medium without addition of PESP was regarded as 100, Results are shown in Table 19. 

TABLE 19 

Relative growth degree 
Bacterial strain 

31. 5. degree. C. 

34. degree. C. 



AJ11446 


95 


90 


EK-015 


90 


27 


EK-036 


84 


45 


EK-100 


87 


22 


EK-112 


98 


36 


EK-117 


84 


47 



As shown in this table, each of the mutant strains had a relative growth degree of 80 or more at 
31.5.degree. C, but 50 or less at 34.degree. C, in the presence of 1 mg/dl of PESP, clearly 
having sensitivity to PESP. 

Influences exerted by PESP on growth at 31.5.degree. C, and 34.degree. C. are shown in FIG. 3 
for EK-112 among the mutant strains obtained In the item 3. described above. Growth 
approximately equivalent to that in the absence of PESP was observed in the presence of PESP 
at a concentration of not more than 1 mg/dl at 31.5.degree. C. However, growth in the presence 
of 1 mg/dl of PESP was remarkably inhibited at 34.degree. C. as compared with growth in the 
absence of PESP. 

Thus it is demonstrated that this mutant strain has temperature sensitivity. 

Among the mutant strains, EK-11 2 has been designated as Brevibacterium lactofermentum 
AJ12993, deposited on Jun. 3, 1994 in National Institute of Bioscience and Human Technology of 
Agency of Industrial Science and Technology under a deposition number of PERM P--14348, 
transferred to international deposition based on the Budapest Treaty on Aug. 1, 1995, and 
awarded a deposition number of PERM BP-5188. 

EXAMPLE 6 

Production of L-Lysine and L-Glutamic Acid by Co-fermentation 
1. Investigation on Cultivation Temperature Shift Timing 

Brevibacterium lactofermentum AJ11446 or AJ12993 was inoculated to the seed culture medium 
having the composition shown in Table 6 described above, and cuhivated with shaking at 
31.5.degree. C. for 24 hours to obtain a seed culture. The medium for full-scale cultivation having 
the composition shown in Table 6 was dispensed into each amount of 300 ml and poured Into a 
jar fermenter made of glass having a volume of 500 ml, and sterilized by heating. After that, 40 ml 
of the seed culture was inoculated thereto. Cultivation was started by using an agitation speed 
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of 800-1.300 rpm, an aeration amount of 1/2-1/1 win, and a cultivation temperatur of 
31.5.degree. C. The culture liquid was maintained t have pH of 7.5 by using ammonia gas. The 
cultivation temperature was shifted to 34. degree. C„ 8. 12 or 16 hours after the start of 
cultivation. A control for comparison was provided in which the cultivation temperature was not 
shifted, and cultivation was continued exactly at 31.5.degree. C. 

In any experiment, the cultivation was finished at a point in time of 40-50 hours at which glucose 
was completely consumed. The amounts of L-lysine and L-glutamic acid produced and 
accumulated in the culture liquid were measured. Results are shown in Table 20. 



TABLE 20 



AJirne AJ 12993 
Temperature shift 

Lys G1u Lys Glu 

timing (hour) (g/dl) (g/dl) (g/d1) 



(g/dl) 



8 5.4 0.0 4.4 1.8 

12 5.5 0.0 4.5 1.6 

16 5.6 0.0 4.7 1.2 

- 5.9 0.0 6.0 0.0 



According to the results, it is understood that AJ12993 strain produces both L-lysine and L- 
glutamic acid in the absence of any biotin action-suppressing agent even in the medium 
containing an excessive amount of biotin by shifting the cultivation temperature from 
31.5.degree. C. to 34.degree. C„ that the rate of L-glutamic acid Increases in proportion to the 
earliness of the shift timing of the cultivation temperature, and that the rate of L— lysine 
increases in proportion to the lateness thereof. On the contrary, in the case of AJ1 1446 strain 
as the parent strain, only L-lysine was produced, and production of L-glutamic acid was not 
observed even by shifting the cultivation temperature. 

Bacterial cells were removed by centrifugation from 1 I of cultivation-finished culture liquid 
having been subjected to the temperature shift 8 hours after the start of cultivation, L-lysine 
and L-glutamic acid were separated and purified from an obtained supernatant in accordance 
with an ordinary method using ion exchange resins. Crystals of obtained L-ly sine hydrochi on d 
were 31.7 g, and crystals. of obtained sodium L-glutamate were 13,9 g. 

2. Investigation on Shift Temperature 

Cultivation of Brevibacterium lactofermentum AJ1 1446 and AJ12993 was started at 31.5.degree. 
C. by using a jar fermenter made of glass having a volume of 500 ml in the same manner as the 
item 1. described above. The cultivation temperature was shifted to 33.degree. C, 34.degree. C. 
or 35.degree. 8 hours after the start of cultivation. A control for comparison was provided in 
which the cuKlvation temperature was not shifted to continue cultivation exactly at 3l.5.degree. 
C. tn any experiment, the cultivation was finished after 40-50 hours had passed. The amounts of 
LHysine and L-glutamic acid produced and accumulated in the culture liquid were measured. 
Results are shown in Table 21. 

TABLE 21 

- AJ11446 AJ 12993 
Temperature after 

Lys G1u Lys Glu 
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shift (. degree. C.) 



(g/di) (g/di) 



(g/dl) 



(g/dl) 



33 
34 
35 



5.6 
5.4 
5.2 
5.9 



0.0 
0.0 
0.0 
0.0 



4.9 1.1 

4.4 1.8 

3.8 2.1 

6.0 0.0 



According to the results, it is understood that there is a tendency that the rate of L-glutamic 
acid increases as the temperature after the shift becomes high, and the rate of LHysine 
increases as it becomes low when AJ12993 strain is cultivated and the cultivation temperature 
is shifted. 

INDUSTRIAL APPUCABUJTY 

to the invention, the temperature sensitivity to the biotin action-suppressing agent is given to 
the coryneform L-glutamic acid-producing bacteria. Thus L-glutamate can be produced 
inexpensively and stably by fermentation even when a material containing an excessive amount 
of biotin is used as a carbon source. 

Further, the LHysine productivity is given. Thus L-lysine and L-glutamate can be simultaneously 
produced inexpensively and stably by fermentation even when a material containing an excessiv 
amount of biotin Is used as a carbon source. 



SEQUENCE LISTING 

(1) GENERAL INFORMATION: 
(ill) NUMBER OF SEQUENCES: 12 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2855 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ONA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI "SENSE: NO 
(vi) ORIGINAL SOURCE; 

(A) ORGANISM: B re vi bacterium lactofermentum 

(B) STRAIN: ATCC13869 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 359.-. 1987 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GATCTTGGAACTCGACAGTTTTCACCGTCCAGnTGGAGC6CCTGAGCTTGCAAGCTCCA60 

GCAAGTCAGCAnAGTGGAGCCTGTCACTTnTCGTAAAT6ACCTGGCCAAAGTCACCGT120 

TTTGGAGCAATTnTCCTTCAGGAGCTCAACGTTTAGCGGCTCTCTGGATCGTGAAATGTiaO 

CAAC6TTCATGGAAGCCAATGTAGTGGGGTCGCGTCGAAAAGCGCGCTnAA6GGCGACA240 

CGCCCAAAAAGTnTACCTTTAAAAACTACCCGCACGCAGCACGAACCT6TTCAGTGATG300 

TAAATCACCGCGGAAATAn6TGGACGTTACCCCC6CCTACCGCTACGATTTCAAAAC358 

ATGACCATTTCCTCACCTTTGATTGACGTCGCCAACCTTCCAGACATC406 

MetThrlleSerSerProLeuIleAspValAlaAsnLeuProAspIle 

151015 

AACACCACT6CCGGCAAGATCGCCGACCnAAGGCTCGCCGCGCGGAA454 
AsnTh rThrAl aGl yLys 1 1 eAl aAspLeuLysAl aArgArgAl aGl u 
202530 

GCCCATnCCCCAT6GGTGAAAAGGCAGTAGAGAAGGTCCACGCTGCT502 
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Al aHi sPheP roMetGl yGl uLysAl aVal Gl uLyaVal Hi sAl aAl a 
354045 

GGACGCCTCACTGCCCGTGAGCGCTTGGATTACTTACTCGAT6AGGGC550 
GlyArgLeuThrAlaArgGluArgLeuAspTyrLeuLeuAspGl uGly 
505560 

TCCnCATCGAGACCGATCAGCTGGCTCGCCACC6GACCACCGCTTTC598 
SerPhell eGl uThrAspGl nLeuAl aArgHi sArgThrThrAl aPhe 
65707580 

GGCCTGGGCGCTAAGCGTCCTGCAACCGAC6GCATCGTGACCGGCTGG646 
Gl yLeuGl yAl aLysArgProAl aThrAspGl y n eVal ThrGl yTrp 
859095 

GGCACCAnGATGGACGCGAAGTCTGCATCTTCTCGCAGGACGGCACC694 
61 yThrl 1 eAspGl yArgGl uVal Cysll ePbeSerGl nAspGl yThr 
100105110 

GTAnCGGTGGCGCGCTTGGT6AG6T6TACGGCGAAAAGATGATCAAG742 
Val PheGl yGl yAl aLeuGl yGl uVal Ty rGl yGl uLysMet IleLys 
115120125 

ATCAT66AGCTGGCAATCGACACCGGCCGCCCAnGATCGGTCTTTAC790 

IleMetGluLeuAlalleAspThrGlyArgProLeulleGlyLeuTyr 

130135140 

GAAGGC6CTGGCGCTCGCATTCAGGACGGCGCTGTCTCCCTGGACTTC838 
Gl uGl yAl aGl yAl aArgll eGl nAspGl yAl aVal Ser LeuAspPhe 
U5150155160 

ATnCCCAGACCTTCTACCAAAACATTCAGGCTTCTGGCGnATCCCASBB 
IleSerGlnThrPheTyrGlnAsnlleGlnAlaSerGlyValllePro . 
165170175 

CAGATCTCCX3TCATCATGG6CGCATGTGCAGGTGGCAACGCTTACGGC934 
Gl nil eSerVal II eMetGl yAl aCysAl aGl yGl yAsnAl aTy rGl y 
180185190 

CCAGCCCT6ACCGACTTCGTGGTCATGGTGGACAAGACCTCCAAGATG982 

ProAlaleuThrAspPheValValMetValAspLysThrSerLysMet 

195200205 

nCGTTACCGGCCCAGACGTGATCAAGACCGTCACCGGCGAGGAAATCIOaO 

PheValThrGlyProAspVallleLysThrValThrGlyGluGluIle 

210215220 

ACCCAGGAAGAGCTTGGCGGAGCAACCACCCACAT6GTGACCGCTGGC1078 
Thrtl nGl uGl uLeuGl yGl yAl aThrThrHi sMetVal Thr AlaGl y 
225230235240 

AACTCCCACTACACC6CT6CGACGGATGAGGAAGCACT6GATTG6GTA1 1 26 
AsnSerHiBTyrThrAlaAlaThrAapGluGluAlaLeuAspTrpVal ■ 
245250255 

CAGGACCTGGTGTCCnCCTCCCATCCAACAATCGCTCTTACACACCAl 1 74 

GlnAspLeuValSerPheLeuProSerAsnAsnAr^SerTyrThrPro 

260265270 

CT6GAAG ACTTCG ACGAGGAAG AAGGCGGCGnG AAG AAAACATCACCI 222 
LeuGl uAspPheAspGl uGl uGl uGl yGl y Val Gl uGl uAsnl 1 eTh r 
275280285 

GCTGACGATCT6AAGCTCGACGA6ATCATCCCAGATTCCGCGACCGTT1270 

AlaAspAspLeuLyfiLeuAspfiluIlelleProAspSerAlaThrVal 

290295300 

CCTTACGACGTCC6CGAT6TCATCGAATGCCTCACCGACGATGGCGAA1 3 1 8 

ProTyrAspValArgAspVallleGluCysleuThrAspAspGlyGlu 

305310315320 

TACCTGGAAATCCAGGCAGACCGCGCAGAAAACGnGnAnGCAnC1366 
Ty rLeuGl ul 1 eGl nAl aAspArgAl aGl uAsnVal Val II eAlaPhe 
325330335 

GGCC6CATCGAA6GCCAGTCCGTTGGATTTGTTGCCAACCAGCCAACC1 41 4 
Gl yArgll eGl uGl yGl nSerValGl yPheVal Al aAsnGl nProThr 
340345350 

CAGTTCGCTGGCTGCCT6GACATCGACTCCTCTGA6AAGGCAGCT0GC1462 
Gl nPheAl aGl yCysLeuAspIleAspSerSerGl uLysAl aAl aArg 
355360365 

TTCGTCCGCACCTGCGACGCGTTTAACATCCCAATCGTCAT6CTTGTC1 51 0 
PKeValArgThrCysAspAlaPh AenlleProIleValMetL uVal 
370375380 
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GACGTCCCCGGCTTCCTTCCAGGCGCAGGCCAGGAGTATa5TGGCATC1558 
AspVal ProGl yPheLeuProGl yAl aGl yGl nGl uTy rGl yGl y He 
385390395400 

CTGC6TCGTGGCGCAAAGCTGCTCTACGCATACGGCGAAGCAACCGTT160B 
LeuArgArgGl yAlaLysLeuLeuTy rAl aTyrGl yGl uAlaThrVal 
405410415 

CCAAAGATTACCGTCACCATGCGTAAGGCTTACGGCGGAGCGTACT6C1654 

ProLysIleThrValThrMetArgLysA1aTyrG1yGlyAlaTyrCys 

420425430 

GTGATGGGnCCAAGGGCnGGGCTCTGACATCAACCTTGCATG6CCAl702 
Val Me tGl ySe r lysGl y LeuGl ySe r As p 11 eAsnLeuAl aT rpP ro 
435440445 

ACCGCACAGATCGCCGTCATGGGCGCTGCTGGCGCAGTC^TTCATC1760 
ThrAl aGl nil e Al aVal MetGl yAl aAl aGl yAl aVal Gl y Phe II e 
450455460 

TACCGCAAGGAGCTCATGGCAGCTGATGCCAAGGGCCTCGATACC6TA1798 
TyrArgLysGl uLeuMetAl aAl aAspAl aLysGl y LeuAspThrVal 
465470475480 

GCTCTGGCTAAGTCCTTCGAGCGCGAGTACGAAGACCACATGCTCAAC1846 
Al aLeuAl aLysSerPheGl uArgGl uTy rGl uAspHi sKetLeuAsn 
485490495 

CCGTACCACGCTGCAGAACGTGGCCTGATCGACGGCGTGATCCTGCCA1894 
P roTy rHi sAl aAl aGl uA rgGl y Le ul 1 eAspAl aVal 1 1 eLeuPro 
500505510 

AGCGAAACCCGCGGACAGATnCCCGCAACCnCGCCTGCTCAA6CAC1942 
SerGluThrArgGl yGlnlleSerArgAsnLeuArgLeuLeuLysHis 
515520525 

AASAAC6TCACTCGCCCTGCTCGCAAGCACGGCAACATGCCACTG 1 987 

LysAsnValThrArgProAlaArgLysHisGlyAsnMetProLeu 

530535540 

TAAATCGGCGAATCCATAAAGGnCAAAA6AATTCAATAAGGATTCGATAAGGGnCGAT2047 

AAGGGTTC6ATAA6GGCCGACTTAAAT6ATTGGATGTAAAGAAATACCAATGAAAATTGG2107 

CAACTCTTTACACCCAATCTTTAA6ACATGGGGGGTGGCGCTGGGCTAATATAACCGGTT2 1 67 

AGCGAAACGATTA6TCCCTT6nAGGGGGATTAACCCTCGAAGTGGGTCGTATTnGGCG2227 

TTT6TATGnCACACAAGAACCCTGCACAACGCCnCAAAGTACGTCGACCACGACCAAG2287 

CGCATTAnCACTCTCACCCTTCAGGATTTAGACTAAGAAACCAT6ACTGCAGCACAGAC2347 

CAAACCTGACCTCACCACCACGGCTGGAAAGCTGTCCGATCnCGCTCCCGTCTTGCAGA2407 

AGCTCAAGCTCCAATGG6CGAAGCAAC7GTAGAAAAAGTGCACGCTGCTGGCAGGAAGAC2467 

TGCCCGCGAACGTATCGAGTAnTGCTC6ATGAGGGCTCTnC6TAGAGATCGATGCTCT2527 

TGCTCGTCACCGTTCCAAGAACTTCGGCCTGGATGCCAAGCQTCCAGCTACTGACGGTGT2687 

TGTGACTGGTTACGGCACCATCGATG6CCGTAAGGTCTGTGTGTTCTCCCAGGACGGCGC2647 

TGTAnCGGTGGCGCTTTGGGTGAAGTTTATGGTGAAAAGATCGnAAGGTTATG6ATCT2707 

TGCGATCAAGACCGGTGTGCCTTTGATCGGAATCAAT6A6GGTGCTGGTGCGCGTATCCA2767 

6GAAGGT6TTGTGTCTCTG66TCTGTACTCACAGATTTTCTACCGCAACACCCAGGCGTC2827 

TGGCGTTATCCCACAGATCTCnTGATC2855 

(2) INFORMATION FOR SEQ ID NO; 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 543 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

MetThrlleSerSerProLeuIleAspValAlaAsnLeuProAspIle 

151016 

AsnThrThrAl aGlyLysIleAlaAspLeuLysAlaArgArgAlaGlu 
202530 

Al aHi sPheProHetGl yGl uLysAl aVal Gl uLysVal Hi sAl aAl a 
354045 

GlyArgleuThrAlaArgGl uArgLeuAspTyrLeuLeuAspGl uGly 
506560 

SerPhelleGluThrAspGlnLeuAlaArgHisArgThrThrAlaPhe 
65707580 

Gl yLeuGl yAl aLysA rgProAl aTh rAspGl yl 1 eVal ThrGl y Tr p 
859095 

Gl y Th r 1 1 eAspGl yAr gGl uVal Cys 1 1 PheSe rGl n AspGl y Th r 
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100105110 

Val PheGl yGl yAl aLeuGl yGl uVal Ty rGl yGl uLysMet 11 eLys 
115120125 

n eftetGl uLeuAl alleAspThrGl yArgProLeuIl e<al yLeuTyr 
130135140 

G1 uG1 yAl aGl yAl aArgll eGl nAspGl yAl aVal Se rLeuAspPhe 
145150155160 

n eSe ii5 1 nTh r PheTy rG 1 nAs n 1 1 eGl n Al aSe rGl y Val 1 1 eP ro 
165170175 

Gl nil eSerVal 11 eMetGl yAl aCysAl aGl yGl yAsnAl aTy rGl y 
180185190 

ProAlaLeuThrAspPheValValMetValAspLysThrSerLysMet 
195200205 

PheVal ThrGl yProAspVal n eLysThrVal ThrGl yGl uGl ull e 
210215220 

ThrGl nGl uGl uLeuGl yGl yAl aThrThrHisMetVal ThrAl aGl y 
225230235240 

AsnSerHisTyrThrAlaAlaThrAspGluGl uAlaLeuAspTrpVal 
245250255 

GlnAspLeuValSerPheLeuProSerAsnAsnArgSerTyrThrPro 
260265270 

LeuGl uAspPhdAspGl uGl uGl uGl yGl y Val Gl uGl uAsnll eThr 
275280285 

AlaAspAspLeuLysLeuAspGluIlelleProAspSerAlaThrVal 
290295300 

ProTy rAspVal ArgAspVal II eGl uCysLeuThrAspAspGl yGl u 
30531031S320 

Ty rLeuGl ull eGl nAl aAspArgAl aGl uAsnVal Val II aAl aPhe 
325330335 

GlyArglleGluGlyGlnSerValGlyPheValAlaAsnQlnProThr 
340345350 

GlnPheAlaGlyCysLeuAspIleAspSerSerGluLysAlaAlaArg 
355360365 

PheVal ArgThrCyeAspAlaPheAsnlleProIleValMetLeuVal 
370375380 

AspVal ProGl y PheLeuProGl yAl aGl yGl nGl uTy rGl yGl y 11 e 
385390395400 

LeuArgArgGlyAlaLysLeuLeuTyrAlaTyrGl yGl uAlaThrVal 
405410415 

ProLysIlelhrValThrMetArgLysAlaTyrGlyGlyAlaTyrCys 
420425430 

ValMetGl ySerLysGl y LeuGl ySe rAspIl eAsnLeuAlaTrpPro 
435440445 

ThrAl aGl n 11 eAl aVal MetGl yAl aAl aGl yAl aVal Gl y Phell e 
450455460 

Ty rAr9Ly661 uLeuMet Al aAl aAspAl aLysGl yleuAspThrVal 
465470475480 

AlaLeuAlaLysSerPheGl uArgGluTyrGluAspHisMetLeuAsn 
485490495 

ProTy rHi sAl aAl aGl uArgGl y Leull eAspAl aVal 1 1 eLeuPro 
500505510 

SerGl uThrArgGlyGlnlleSerArgAsnLeuArgLeuLeuLysHis 
515520525 

LysAshValThrArgProAlaArgLysHisGlyAsnMetProLeu 
530535540 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: nucleic acid 
(0) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; other nucleic acid 
(A) DESCRIPTION: /desc = 'Synthetic ONA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GCTAGCCTCGGGA6CTCTAG20 

(2) INFORMATION FOR SEQ ID NO: 4: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
6ATCTTTCCCAGACTCTGGC20 

(2) IKFOfWTION FOR SEQ ID NO: 5: 

(1) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
TAATGCCACC6ACACCCACC20 

(2) INFORMATION FOR SEQ ID NO: 6: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TCAACGCCCACATAGTGGAC20 

(2) INFORMATION FOR SEQ ID NO: 7: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
CO STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION; /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GAATTCGCTCCCGGTGACGC20 

(2) INFORMATION FOR SEQ ID NO: 8: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE HPE: other nucleic acid 
(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: MO 

(iv) ANTI-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
6ATGCAGAATTCCTTGTCGG20 

(2) INFORMATION FOR SEO ID NO: 9: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: P» 

(iv) AMTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

6TCGACGGCGGACnGTCGG20 

(2) INFORMATION FOR SEQ ID NO: 10: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GTCGACAAAACCCAAAAAAA20 

(2) INFORMATION FOR SEQ ID NO: 11: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION; /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CTGCGGAAACTACACAAGAACCCAAAAATGATTAATAATTGA6ACAAGCTT51 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 59 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other. .syntetic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

CTAGAAGCnGTCTCAATTATTAATCAnTTTG(3GnCTTGTGTAGTTTCCGCAGGTAC59 
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Descfiptlen 

Rcid ot the InvcntJon 

s (0001] The present invontfon relAtes to & mutant useful for producing L-glUtamIc acid by formcntallon as wcD as a 
method of producing L-glutamic add by fenmantatton U6ing such a mutant U-glutamic acid is an amino acid widely 
used as an addHivo for foods and In medicarrwints. 

Prior Art 

[0002] L-glutamle acid has conventionally baen produced by fcmiontation using glutamic actd-produclng bacteria 
and mxrtants ttiereof such as those ot the genus BrBvibactertum . Corynebactorium or MicfwALteiiuni (Amino 
fem-ientetlon, Gakkal Shuppan Center, pp.1 95 to 215 (l9Se». Other known methods of producing L-glutamlc acid by 
fermontation include a method cmpksying microorganbms of the genus BacflluSt Strcptomycea or Penlcilllum (US 
T5 Patent No. 3,220,929) and a method employing mk:foorganlsma oT the genus PsQUdomonas . Arthrobacter . Sorratia 
or Candida (US Patent No, 3.563,657). Even though such conventionaJ methods produce eigniftcantry large amounts 
of L-glutamIc add, an even nr>ore cffk:lent and less expensive method of producing L-glutamlc ^d te desired in order 
to meet the £iverHru:rcaslng demand. 

(0003] Escherichia coD Is a potenitally excellent L-glutamIc add-producing bacterium In view of Its high growth rate 
SO and the availability of sufficient gene {ntormatk)n, while the reported amount of L-glutamic acid production by Eo- 
chcrtohlacoll is as low as 2.3 g/I (J. Biochcm., Vol. SO. pp.1 64 to 165 (1 961)). Recently, a mutant exhibiting a deflciont 
or reduced a-ketogtutaratc dehydrogenase (f>ereinafler referred to as a-KGOhO was reported To have the abiOty to 
produce large amounts ot L-glutamIc add (French Patent Appllcatton I_ald-Opon No. 26801 7B), 

^5 Problems to bo Soh^ed by the Invention 

[0004] An objective of the present invention is to enhance the L-glutamtc acid-produdng abatty of strains belonging 
to the genus Escherichia and to provide a method ot producing L-glutamIc add more efftclently and et a lower cost 

^ Means to Solve the Problems 

[0005] Now it has been found surprisingly in our study on the production of L-glutamic add by mutants of Escherichia 
col] that a mutant whose a*KGDH activity is defcieni or reduced, and whose phoepheenotpyruvate carboxylase (here- 
inafter referred to as PRC) and glutamate dehydrogenase (hcremafter referred lo as GDH) activities are enhanced, 
99 has a high L-glutamIc adb-produdng ablflry, and thus the present Invention has boon accomplJahed. 
[0006] Accordingly' present Invention relates to : 

[0007] A mutant of the genus Escherichia having L-glutamc add-produdng abiftty whose «<'KODH 6tctivity is defident 
or reduced, and PRC and GDH acttvitiee are enhanced; and, 

[OOOB] A method Of producing L-glutamtc add by femientation comprising culluring In a liquid culture medium a 
40 rnutant of the genus Escherichia having L-gtutamic ackj -producing ability whose o-KGDH activity is deficient or reduced 
and PPC and GDH activities are enhanced, accumulating L-glutamk: add In the culture, and rocovortng L-glutamic 
add therefrom. 

£0009] The present inventksn g descrft>ed In more detail betow. 

^ (1 ) Derivation Of a mutam of the genus E»cherichia exhibiting defident or reduced a-KGDH activity 

[0010] Ae a elarting parent strain to be used for preparing the preseni mutant, any non-palhogenb strain of the genus 
Escherichia may be employed. Examples of such strains are listed t>elow. 

Escherichia OOD K-12 (ATCC 10798) 
SO Escherichia coR W31t0 (ATCC 27325> 

Escherichia coll B (ATCC 11303) 

EschefTchia coB W (ATCC 8637) 
[0011] A mutant of the genus Escherichia which has L-glutamic add-producing ability and having deficient or reduced 
a-KGDH actJvlly may be prepared as follows. 
ss [0012] The starting parent strain mentioned above is fir^ exposed to X-radiation or ultraviolet light or mutagenic 
agents such as N-methyl-N'-nllro-N-nitrosoguanldlne (hereinafter referred to as NG) to introduce the mutation. 
[0013] .Attematrvely, gene Gnglneering technology, for example* gene recombination, gene transformation or cell 
fusion, may be used to etftcientty introduce the Intended mutation. 
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[0014] A method cT obtaining an a-KGDH-doficignt mutant by means of gene recombination Is conducted as follows. 
Based on the known nucleotidG sequence (Euro. J. Bioctiem. Vol. 141 , pp. 351 to 359 <19S4)) of a-kGtoglutarate de- 
h/drogcnasc gcno (horelnafier referred to as sucA geno), primers arc eynthcslicd and thon tho sucA gene la amp&flcTd 
by the PCR method using the chromosonrml DNA as a templato. Into the amplKiad the sucA gene, a druc}-r^|£tant 
dene is inserted to obtain a sucA gene whoao function Is tosL Subsequent}/) using homologous recombination, the 
sucA gene on the chronwsome is replaced by a fiucA gen© whoso function is lost by means of the Insertion of the 
drug-resistant gone. 

[0015] After subjecting the parent strain to mutagenic treatment, the Intended mutants may bo scrconod by proce- 
dures as illustrated below. 

[0016] A mutant exhibiting a deficient or reduced a-KGDH acttvtiy Is either not able to grow or is abJe to grow only 
at a eignificantly reduced growth rale In a minimum culture mecfium containing glucose as the carbon source under 
aerobic condlilon. However, even under such condition, normal growth Is possible by adding succinic acid or lysine 
plus methionine to the minimum culture medium containing glucose. On the other hand, anaerobic condition allows 
the mutant to grow even In the mfnimum culture medium contalnrng glucose (Mofec. Gen. Genetics, Vol. 105, pp, 182 
to 190 {1S69}). Based on these findings, the desired mutants can be screened. 

[0017] The foBowing strain is an example oflhe mutants thus obtained whoso a-KGDH activity is deficient or reduced 
and which are listed below. 

Escherichia com WSI 1 O sueA::Kmr 
[D018) A mutant whose a-KGDH acUvlty is deficient or reduced Is mor© useful in view, of Its enhanced abOity to 
produce L-gJutamlc acid when it further has the properties that U-giutamfc add-degradlng activity Is reduced or the 
expression of acc oporon, that la. malatc synthase (acoB) - teocttrate lyase (acoA) - leodtrato dehydrogenase Idnase/ 
ph-tspKatAt* (c><i<>K) MoycFPohce<tmc»-g3>totHvtS-^*Thcac-sraperrt!«a-ttr>ft^i^^ PateiirAp|jn«:^>ailUn l_aid" 

open No. 26801 7B. As a matter of course, properties oJreedy known to be effective for Improving L-glutamIc add- 
productivity, such as various types of auxotrophy, aniimetaboHte reststanoe and antimetabolite senstth/Ity. are also 
desirable for enhancing C-giutamio add production ability. 

[0019] A mutant having reduced abilrly to degrade L-glulamic acid may be Isolaied as a mutant which either cannot 
grow or can grow only slightly In a mtnlnrtum culture medium containing L-glutamIc add as the eole carbon source 
Instead of glucose or containing L-glutamIc acid as a sole nitrogen source Instead of ammonium sulfate. However, 88 
a rrwUar of course, when an auxotraph Is employed for the dorivailon, the minimum essential amount of Ihe nut/ient 
required for the growth rray be added to the culture medium. 

[0020] A mutant In which the expression of the ace opcron Is constitutive may be obtained ae a Strain whoso parent 
strain is a phosphoenolpyruvate synthaso-deficlent strain and which can grow In a minimum culture medium containing 
lactic add as the cartoon source but cannot grow in a minimum culture medium containing pyruvic acid or acctic^yruvlc 
acid as tho carbon source, or as a strain which shows a h igher growth rale than thai of Its parent strain whose a-KGDH 
is deficient or reduced under aerobic condition (J. Bacteriot., Vol. 96, pp. 2105 to 21 &6 (1968)). 
[0021 ] Examples of the mutants deacritiGd above are as follows. 

Escherichia coli AJ 12628 (PERM BP-3854) 

Escherichia coli AJ 12624 (FERM BP-3S53) 

Escherichia coD AJ 12628 b a mutant having a reduced a-KGDH activity and a reduced abHEty to degrade L- 
glutamic acid In combination with constitutive expression ot ace operon . Escherichia coli AJ 1 2624 Is a mutant having 
reduced a-KGDH activity and a reduced abllfty to degrade L-gtutamic add (French Patent Application Laid-open No. 
2680178). 

[0022] In the mutant thus obtained which exhibits deflclent.cr reduced a-KGDH. actunty; thn finw hiAAynthes^ of 
L-glutamIc add via a -ketoglutaric add In the TCA cycle is Improved, resulting in an enhanced ability of produdng U- 
glutamic acid. Also the productivity of L-glutamic acid 1$ increased in tho nnutanl exhibiting deficient or r^luced a-KGDH 
activity and signlflcently low ability to degrade The produced L-glutamlcedd or in the mutantf urther having a constlruilve 
expression of the ace operon whereby the growth Is Improved. 

(2) Derivation of a mutant of the genus Escherichia having amplified PPC activity and GDH activity 

[0023] In the examples descrteed below, a mutant oflhe genus Escherichia having amplified PPC and GDH acth/itias 
was obtained from a starting parent strain exhibiting defident or reduced o-KGDH activity and having the ablBty to 
produce L-g!utamic acid, ti Is also possible to use a wild strain of the genus Escherichia as the parent strain to obtain 
a mutant having amplified PPC and GDH activities whereafter a mutant is bred which exhibits defident or reduced 
a-KODH activity. 

PM)24] Accordingly, the starting parent strain used to prepare a mutant having amplified PPC and GDH actlvlbes Is 
preferably a mutant of the genus Escherichia whose a-KGDH adivlty Is deficienl or reduced and which has tho ability 
to produce L-glutamlc acid or a non-pathogenic wild type strain of the genus Escherichia. Examples of such strains 
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arc risted below. 

Eechefichia coB W31 00 sucA::Kny 
Escherichia COH AJ 12628 (PEFIM BP-3854) 

Esctierw^ia coli AJ 12624 (PERM BP-3B53) (DiOAe listed above are the mutants of the genus Eschcfk:hla whose 
a -KGDH adMty Is deficient or reduced and which have tho abUfty to produce L-glutamk: acid,) 

Escherichia coB K-12 (ATCC 107Sa) 

EfichertehlacoD W3110 (ATCC 27325) 

Eechertehia coB B (ATCC 11 303) 

Eschortehla eoB W (ATCC 9637) 
(Those listed above are the non-pathogenic wild atnalns of the genus Eschortehla. ) 

[0026] in ordor to annpllfy PPCand GDH activHies, the genes coding for PPC and GDH are cloned in an appropriated 
plasmld. which is then used to transform the starting parent strain employed as a ho«t. The copies of the genes coding 
for PPC arid GDH (hereinafter refenred to as ggc gene and gdhA gene, rcspecrivety) In The transformed ccDs are 
Increased, resu^ng in amplified PPC and GOH activities. 

[0026] The gge g^ne And gdhA ger>e to be dor»ed may be cloned into a single plafimid to be ir\troduced Into the 
starting parent drain employed as the host, or may be cloned separately Into two types of plasmid which are compatiblo 
in the starting parent strain. 

[0027] Altomatlvety, the amplEficatlon of PPC and GDH actlvftlGs may be conducted by allowing the ppc and gdhA 
genes to be present as muWcopios on tho chromosonrtaJ DNA of the stanlng parent strain employed as the host. In 
order to introduce the ppc and gdhA genes as multicoplGs Into the chromosomal DMA of the genus Escherichia. ho» 
mologous recombination Is applied utilizing a targol sequence pruscnt as a multicopy on the chromosomal DNA. The 
sequence present as the multicopy may be a repetrUve DNA and an Inverted repeat present at the terminal of Insertion 
Eoqucncc. Altomathroly, as described In Japanese Patent Appllcailon Lat^opcn No, 2-109985. Iho ggc and gdhA 
genes are cloned on a transposon, which is then transposed, ttiereljy tntroduotng the multicopy into the chromosomal 
DNA. The copies o1 the ^c and gdhA genes in the trarisformed ceRs are increased, nasuWng In the amplification of 
PPC and GDH adivilies. 

[0028) In addition to the gcno amplification described above, the amplification of PPC and GOH aoUvtiies may also 
be conducted by replacing the promeiere of the ggc and gdhA genes with those having higher potencies. For excimplo. 
lac pronnoter, tf£ promoter. Ire promoter, tac promoter, Pf^ promoter and promoter of a lambda phage are known to 
be strong promoters. By enhancing the expression of the"ppc gene and of the gdhA gene, the PPC and GDH acth/ities 
oro ampllflod. 

[0029] The ppc and gdhA genes can be obtained by isolatlrig the genes v^hich are complementary whh regard to 
Buxotrophy of the mutants wh\ch are either PPC or GOH deficient Atternatively, since the nudeotido sequences of 
these genee ol Escherichia coll are Itnown (J. Blochcm,, Vol. 95, pp. 909 lo 916 (1984); Gene, Vol, 27, pp. 193 to 199 
(1 984)), the prlmene €U^ synthesized based on the nucleotide sequences and then the genes are obtained by the PCfl 
method using tfic chromosonwil DNA as the tcfnptato. 

(3) Production of L-glutannlc acid by fermentation using e nurtanl of the genus Escherichia capable of producing L- 
glutamic acid which exhibits dcficicm or reduced a-KGDH activity and has Amplified PPC and GDH activiUes 

[0030] For the purpose Of producing L-glutamlcacldby fenrientation using a mutant of the gertus Escherichia capable 
of producing L-glutamic acid which exhibits deficient or reduced a-KGDH activity and has amplified PPC and GDH 
activities, a standard culture medium containing cartM>n sources, nitrogen sources, inorganic salts and. If necessary, 
organic trace nutrients such as amino adds and vitamins and a standard culture method may be employed. The carbori 
sources and the nitrogen sounces employed in the culture medium may any off those catabolized l>y tho mutant 
employed. 

[0031] The camon sources may be saccharides such as glucose, glycerol, fructose, sucrose, rr^ttose, mannose. 
galactose, starch hydrolysato and molasses, and organic acids such as acetic acid and citric acid may also be employed 
Indepcndenity or In combination with other cart>on sources. 

[D032] The nitrogen sources may bo amnK»nla and ammonium salts such as ammonium sulfate, ammonium carbon- 
ate, ammonium chloride, ammonium phosphate, ammonium acetate as well as nitrates, 

[0033] The organic trace nutrisnts may be amino acids, vitamins, fatty acids and nucielo acids as they are or as 
contained in peptone, casamino acid, yeast extract, soy protein hydrolysate and the like. In cases of using an auxotroph 
the nutrient required for Its growth should be supptcmonted. 

[0034] The inorganic salts may be phosphate, magnesium salts, calcium salts, iron salts, manganese salts and the 
lite. 

[0035] CulUvHlion is conducted at a fermenlalion temperature from 20 to 45«C at a pH controlled to be in a renge of 
Irom 5 lo 9 with aeration. \Amen the pH is controlled during the cultivation, calcium carl^onate or alkali such as ammonia 
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gas may be added for nouuallzatton. After cutTurir^ for from 1 0 hours to 4 days, a significant amount of L-gtutamic dcid 
t£ accumulate In the cunure medium. 

[0(»6] L-glutamic acid In tho culture medium after cultivation may be recovered by any of the Known meihods. For 
example, the cells are removed from the culture medium, which is then concentrated and precipitated or sub}ecced to 
ion cxchanQG chromatoflraphv to obtain L-nlutamlc acid. 

Brief Oescrtpdon of the Drawings 

[00371 

Fig. 1 shows the construction procedure of pBR-SUcAB, 

Fig. 2 shows a proccdur© for disrupting the sucA gene on the chronnosomBi DNA of Escherichia Coli Wgi10. and 
Fig. 3 shows the corwtruction procedurD of pGK. 

Examples 

[0038] The present invention Is further describE^d by the following examplos. 
Examplo 1 

(1) Cloning of sucA gene and dihydrollpoamtde succlnyl transforasc gone of Escherichia coD 

[0039] Tho nucleotide sequences of sucA gene and dlhydrollpoamid© succlnyl transfcraso gonQ (hereinafter refcn-ed 
to as sucB gene) of Escherichia coil K12 are known. The itnown nucleotide sequeru^es of sucA gene and sucB gone 
are disclosed In Euro. J. Blochem., Vol. 141, pp. 351 to 374 (19fi4). and also shown hero as Saqu ID No. 7 in tho 
sequence lisling. The nuclcotldo sequence rrom the 327th through the 3128th base residues corresponds to ORF 
(open reading franrie) of the sucA gene, while that from the 3143rd through the 4357th base residues corresponds to 
ORF oi the suoB gene. According to the nucleotide se<»uences reported, prbrtere ehown In Scqu ID No.1 to 4 were 
synth&slzedand BucA and sucB genes were amplified by PGR method employing tho chromosomal DNA ol Escherichia 
coli W3no as a tonnplato. 

[0040] The synthetic primers used to amplify the sucA gene had the nucleotide scquaneee shown In Scqu ID Nq.1 
and 2, and Soqu ID No.l con^sponds to tho sequence consisting of the 45th through the 65th base residues in the 
nucleotide sequence figure cf ihc sucA gene described in Euro. J. Blochem,, Vol. 1 41 , p. 354 (1 8B4). It also con'esponds 
to the sequence consisting of Ihe 45lh through the 65ch base residues of tho nucleotide sequence shown as Sequ ID 
No. 7. 

[0041] Scqu ID No. 2 con^esponde to tho sequence consisting of the 317ard through the 3193rd base ro&tduce tn 
the nudeotide sequence figure of the sucB gene shown in Euro. J. Biochem., VoL 141. p. 364 (1884). ttalsoconresponds 
to the sequence consisting of the 31 73rd through the 31 93rd base residues of the nucleotide sequanee shown as Sequ 
ID No. 7. 

[0042] Tho synthetic primer? used to amplify the sucB gene had the nucleotide sequences shown in Sequ ID No.3 
and 4, and Sequ ID No. 3 corresponds to the eequencc consisting of tho 2178th through 219ath base residues (n the 
nucleotide sequence figure of the sucA gene shown in Euro. J. Blochem.. Vol. 141 , p. 354 (1984). It also corresponds 
to the sequence consisting of the 21 79lh through theil 98th base residues of the nucleotide sequence shown as Sequ 
No. 7. 

[0043] Sequ ID No. 4 con^esponds to the sequence consisting of the 4566th thrvugh thg 4581 st base residues In the 
nudeotide sequence figure of the sucB gene shown in Euro. J. Blochem., Vol. 141 , p. 354 (19B4). It also corresponds 
to the sequence consisting of the 4566lh through the 4581 st base residues of the nucleotide sequence shown as Sequ 
ID Mo. 7. The sucA gene end the sucB gene fomi an cperon. 

[0044] The chromosomal DNA of Escherichia coli W3110 was recovered by a standard n^thod (Sclbutsukcgaicu 
Jikkensho, Ed. by Nippon Seibutsu Kogalcu Kal, pp. 97 to 98, Baifukan (1892)). 

[0045] The PGR reaction was carried out under the standard Conditions described on page 8 of PGR Technology 
(Ed. by Henry Eriioh, Stockton Press (19&9)). 

[0046] Both ends of PCR products thus produced were converted into blunt ends using T4 DNA potymerase and 
doncd Into a vector pBR322 at the Eco RV she. The plaemid obtained by cloning the eucA gone 'Into pBR322 was 
designated as pBR-sucA, and that constructed with sucB was des^natcd as p8R-suc6. Tho plasmlds thus obtalncxJ 
were Introduced Into Eacherichla coll JMlos and the plasmlds were prepared. Then the reatridion maps were con- 
structed and compared with the restriction maps 0I the bucA and sucB genes reported, thereby confimiing that Ihe 
genes which had been doned wcro the &ucA and sucB genes. 
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[00471 A$ shown in Rg. 1 . pBR-sucB was digested with Kpn l and EcoRI to prepare a DNA fragment containing the 
5uc8 gene. pBR-sucA was digested with Kpn l and Eco RI to preparo a large fragment. Both fragments were ligated 
using T4 DNA llgase to produce pBR-sucAB. 

3 (2) Disruption of the sucA gene on chromosomal DNA o1 Escherichia coll W3110 

£0048] Fig. 2 outlines the disruption ol the sucA gene on the chrDmosomal DNA of Escherichia coll W3110. 
[0049] pBR-8UcAB was digested with Kpn l and T4 DNA patymerasc was used to obtain blunt ends. On the other 
hand, pUC4K (purchased trom Pharmacia) was fSgested with Psti to prepare a DNA fragment containing a kanamycin- 
reelstance gene, which was converted to hAvo blunt ends using T4 DNA polymerase. Both fra^ncnts were llgeted 
using T4 DNA llgaso to obtain pBR-BUcA::Km^ From this plasmid. a Hindlll- Eco RI fragment containing Ihe kanamycln- 
reststence gene was cut out as a lir^ar DNA, which was used to transform Escherichia coK JC7623 (thrM . ara-14 . 
leuB6 . A(gptHaroA)62 . jacYi , 13X-23 . supE44 . galKS . V, mer , sbcBIS, ht3G4 . rfbPI . rBcB21 . recC22 . rpsL31 . kdpKSI . 
yyi-S . mtM , argE9 . thi'1) obtained from the Escherichia coli Genetic Stock Center (at Yale University, USA), and strains 
in Which the sucA gene on the chromoaomsl DNA was replacQd with the bljcA gene into which the ken amycin -resistance 
gene had been Insened [sucA::KmO were scroonorf on L medium (bactotrypton 10 g/l. yeasl e;(tract 6 g^l, NaCI 5 g/\, 
agar 15 g/l, pH 7.2) supplemented with 25 }ig/ml of kanamyctn. Since Escherichia coli JC7623 possessed rec&-, recC- 
and abcB", rccomblnatton can be achieved at a high frequency even It the transforrr^tlon Is conducted using a linear 
DNA. 

[0050J From each of twelve (12) kanamyc in -resistant strains thua obtained, the chromosomal DNA was prepared 
and digested with Kpn l. By southern hybridization using a DNA fragment containing the sucA gene as a probe, all or 
12 strains were confirmed to be strains in which the sucA gene on the chromosomal DNA was replaced with the sucA 
gene Into which kanamyctn -resistance gcno had been Inserted. While a wild strain exhibits two bands at 5^ Kb and 
e.2 Kb due to the presence of Kpn l site in the DNA fragment containing the sucA gone when a 2.8 Kb EcoRI-Hindlll 
fragment containing the sucA gene of pBR^sucA was used as the probe In the southern hybridization, strains having 
the replacement with sucA gene into which Kanamya'n- resistance gene has been Inserted exhibits only one band at 
11.4 Kb due to the disruption of the Kpn l site upon introduction of the kanamycln- resistance g&ne. The kanamycrn- 
resistance Escherichia coil JC7S23 (8UcA::KmO thus obtained was then Infected with PI phage and the phage lysete 
was prepared. Then Escherbhia co» W3100 strain was transduced with the sucA;;Km^ Transduction with PI phage 
was conducted by a standard method (Selbutsu-kogaku Jikkensho, EdL by Nippon Seibutsu Kogaku Kal, pp. 75 to 76, 
Baifukan (1992)). Tho representative of the kanamycin-resletanoe strains Isolatod was designated as W3110 sucA:: 
KnV. 

t0051] The a-KGDH activitlefi ol the Strain W31 1 0 sucA::KnV and Esoherfehja coli Wai 1 0 were detentiined according 
tothe method by n««d el nl /MftihrftcTs vi Pii^yiKiiiiM.iu V«i! i.'^ ««<i^AiiVi T>«t« 

ACttvity of Cachcrichiw exili >A/!*M tA -^.^ *r-A '»»'..»•» nOl-'l'*c«ci,c?*J. TTlUcr, QacngrtCntd CSt! W;iTTU CUS/VtJ'im' 13 Ct ^'CLtn 

defidont In a-KGDH activity, 



Table 1 





W3110 


W3110sucA::Km^ 


«*KGDH activity 


3-70 


Not detected 


(Unit : micromolGs/n>g proteln/mln) 



(3) Cloning of qdhA gene of Escherichia cofi W31 1 0 

45 

[0052] Simllarty as In the Cloning Of the sucA and sucB genes, the PGR method was used to clone the gdhA gcno. 
According to the nucleotide sequence of gdhA gene reported by Fernando etal, primers for PGR ware synthesized. 
The nucleotide sequence of tho gdhA gene is disdoscO In Gene, Vol. 27, pp.1 93 to 1 99 (1 934). and Is also Shown here 
as Sequ ID No, 8 In the sequence listings. The nucleotide sequences of the primers are shown in Soqu ID Nos. 5 and 6. 
so [0053] Sequ ID No. 5 corresponds to the sequence from the 1 91st through the 171 at base residues In the nucleotide 
sequence figure of gdhA gene shown in Gone. Vol. 27. p-195 (1984), and It also corresponds to tho Eoquonce from 
the 3rd through the 23rd base residues in Sequ ID No, 3. 

[00S4] 6cqu ID No. 6 corrcaponda te the sequence consL&llng ol the 1 G67U i lliruuyh U iif 1 707lh b^^ee residues in ino 
nucleotide sequence figure of Ihe gdhA gene shown In Gene, Vol. 27, p.196. (1864), and it also corresponds to the 
Si sequence consisting ol IS&Oth through the 190Dth base residues In Sequ ID No. 8. 

[0055] Using the synthetic primers tho gdhA gene was amplified by the PGR method onr^ploylng the chromosomal 
DNA of Escherichia coH W3110 ss a template, PGR products thus obtained were purified and converted to have blunt 
ends using T4 DNA polymerase, and then ligated to pBR 322 digested with EcoRV to obtain a plasnnid pBRGDH. 



20 



30 
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<4) Construction of a plasmid having the ppc and gdhA genes 

[0056] Fig. 3 shcwe the procedure for the constniction of d plasmid having the ppc and gdhA genes. The plaemtd 
pS2 in which AAKb Sail fragment containing tho whole region of th^ ggc gene dorived from Escherichia coll K-l 2 was 

s Inserted Into the Sail stte ot pBFl322 (J. BJochem, Vol. 9, pp.909 to 918 (1984)) was digested w»th HIndlll and both 
ends wore made blunt using T4 DNA polymBrase. On the other hand, a DNA fragment containing the gdhA gene 
synthesized by the PGR method was converted to have blum ends using T4 DMA polyrnerase. Subsequenlty, both 
fragmonte were llgated using T4 DNA Itgasc. The plasm w thus obtained was used to iransf omri a GDH deficient atrain, 
Eschoriehia eoD PA 940 (thr-1 . thuA2, lcuB6, lacY1 . suj3E44 . flal-€ . X; gdh-1 . hIsGI . rfbPI . gaiP63 . A(q!tB-R . rpsL19 . 

<t) marri dambdaR). xyt-7 . nmkg . ergHI , thI-1) obtained from the Escherichia coH Genetic Stock Center (at Yale Unh^erslty. 
USA) and an amplcillin-reeialanl strain which had lost its giuLamic add requirement for growth was isolated. From this 
strain, a plasmid was prepared and The restriction map was constructed, wherctTy it was conflmned that the £^ and 
gdhA genes were present on this ptasmld. Thia plaamtd was designated as pGK. 

»s (5) Introduction of p32, peRGDIH and pGK Into a-KGDH deftciem strain Escherichtra cofi W31 00 sucA ::Kmr And 
evaluation Of L-g)utamtc actd-productlon 

[0057] Thon-KGDH-deflclenl strain. Escherichia coU Wgi oosucA:: Kmf- was transformed with each of pS2. pBRGDH 
andpGK, and each of the transformed strains was inoculated into a 500-mi shaker flask containing 20 ml of tho culture 
20 nr»cdium having the composition shown in Table 2. Cultivation was then carried out at 37 until the glucose in the 
culture medium was consumed completely. The results are shown In Table 3. 



Table 2 



Component 


Concentration {g^) 


Glucose 


40 


(NH4>3SO^ 


20 


KH2PO4 


1 


IVlgSO4.7H20 


1 


FeS04.7H20 


O.OT 




0.01 


Yeast extract 


2 


Thiamine hydroohlorido 


0.01 


CaCOa 


50 



TabtoS 



40 



Strain 


Accumulated L-glutamIc acid (g/i) 


W3110sucA::iCmf 


19.2 


W3110sucA::Km''A>S2 


19.9 


W3110 6UCA::Km7pBHGDH 


2.8 


W3110sucA::Km7pGK 


29.3 


(AJ 12948) 





[005SJ Although the transformed strain having the PPC activity amplified by tho Introduction of pS2 exhibited slightly 
reduced growth as compared with the host strain, Wgno sucA::Km^ it accumulated L-gIutam!c acid In an amount 
similar to that accumulated by tho host strain. The strain having GDH activity amplified by th© Introduction of pBRGDH 
5p exhibited quite poor growth, and Ihe amount of the accumulalod L-gluiamic add was surprisingly smaiter than that 
accumulated by the strain W31 1 0 sucA::Km'. 

10059} On the contrary, the Iransf omied strain In whteh both of PPC and GDH aclwilios wore amplified Bimultaneously 
by the Introduction of pGK exhibited growth similar to that of the host strain wrhile producing an increased amount of 
accumulated L-glutamlc acid. Escherichia coll W3n0 sucA-Knn' into which pGK plasmid having the ££c and gdhA 
55 genes had been introducod was designated as AJ 12949. Escherichia coll AJ 12949 was originally depoeited under 
the accession number PERM P-14039 on December 2B, 1893, at tho National Institute of Bioscience and Human- 
Technology, Agency of Industrial Scicnco and Technology, 1 -3, Hlgashl 1 -chome, Tsukuba-shI, JbaraW-Kon Japan, 
and the deposit was converted into a deposit under the Budapest Treaty under the accession number PERM BP-4as1 
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on Novemtjer 11, 1994. 

[0060] The host strain, namely, W3110 dUCA:;Km^ can be obtainod by curing the plasmid from the dcposrtad strain, 
AJ 12849 without damaging the cdl. The plasmld may bo lost from AJ 12949 Bpontanoously. or may be cured In a 
curing procedure (Bact Rev., Vol. 3S. p.36l 10 405 (1972)). An example of the curing i>rocedure is as follows. The 
strain AJ 12949 Is Inoculated to the L-broth nr>cdlum (Bacrotrypton 1 0 g/l, yeast extract 5 9/I. NaCI 5 g/1, pH 7.2), and 
cultivated at 40*C overnight. The culture broth is diluted appropriately, and spread onto the L-medium. After incubating 

It at 37° C ovemioht the colonics formed are trarwfenred lo the L-medium contatnino inajio/mi eJ. Ampiciuin jvoci.thon 

amplcm In sensitive colonies are teolated. The strain thus obtained te W3110 6UCA::Knf. 

Advantages of the Invention 

[0061] The method according to the present invention provides a mutant of the genus Escherichia having a higher 
producltvtty of L-glutamlc acid as well as the efnclcnt and tow-cost method lor the production of L-glUtamic add. 

SEQUENCE LISTING 

GENERAL INFORMATION: 

[0062] APPLICANT: 
NAME: Ajinomoto Co., Inc. 
STREET: 16-1, Kyobashi 1-chome 
CfTY: Chuo-ku, Tokyo 
COUNTRY; Japan 
POSTAL CODE: none 

TITLE OF INVENTION: Method of producing L-glulamic acid by fermontalign 

NUMER OF SEQUENCES: B 

[00631 COMPUTER READABLE FORM; 
MEDIUM TYPE: Diskette 
COMPUTER: JBM PC connpatible 
OPERATING SYSTEM: MS-DOS 

[0064) SEQUENCE DESCRIPTION: . 

SEQ ID No.: 1 

Length : 21 base pairs 

Type : Nucleotide 

Strandcdness : Single 

Topology ; Linear 

Motecufc type: Synthetic DNA 

Feature : Primer for ampllfteatlon of sucA gone of Escherichia coll 
sequence 

ACGCGCAAGC CTCGCATCAG G 21 

[0065] SEQ ID No.: 2 
Length : 21 base pairs 
Type : Nucleotide 
Strandednesa : Single 
Ibpology ; Linear 

Molecule type: Synthetfc DNA 

Feature : Primer Tor amplification of sucA gene of Escherichia coli 



Sequence 

ATCGOCXACG AATTCAGCCA € 
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SEQ ID No.: 3 
Len^rtti : 20 base pairs 
Type : NudcotldG 
$tnancte<lne9« : Single 
Topology : Linear 
Molocule type: Synthetic DNA 

Feature : Primer for amplification of sueS cene of Escherichia coll 
Sequence 

CCGGTCGCGQ 7ACCTTCTTC 

SEQ 10 No.: 4 
Length : 26 base pairs 
lype : Nucleotide 
Slrandedncss : Single 
Topology : Linear 
Molecule type: Synthetic DNA 

Feature : Primer for ampliftcatfon of sucB gene of Escherichia coll 

SQ ID No.: 5 

Length : 21 btxse pairs 

Type : Nucleotide 

Strandedness : Single 

Topology : Linear 

Molecule type: Synthetic DNA 

Feature : Primer for ampllficatbn of gdhA gene of Eschcrtehia coll 
Sequenctt 

CGCTCCCAA^ CCTTTACCCT C 

SEQ 10 No.: 6 
Leng&i : 21 t>ase pairs 
Type : Nucleotide 
Strandednes6 : Single 
Topology : Linear 
Molecule type; Synthetic DNA 

Feature : Primer for ampllficatkMi of gdhA gone of Escherichia coH 



Sequence 

TCGAGAAGCA. TGCATTATAT A 

SEQ ID No.: 7 

Length : 4623 base pairs 

lype : Nucleotide 

Strandedness : Single 

Topology : Unear 

Molecule type: Genomic DNA 

Original source 

Organism : Escherichia coll 
Features 

Feature key ; CDS ^from 327 to 31 bp coding sequence 
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Location : 327..3128 

MQthod of feature determination : E 

FeaTURS key : CDS =>f rom 3143 to 4357 bp COCfine Bequcncc Location : 31 43..4367 
Method of feature determination : B 

5 



10 



19 



SQ 



S6 



90 



40 



4S 



60 
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40 



50 



Sequence 

TCGATCTTCT TSCAAC6TAA TGCGTAAACC CTAGGCCTGA TAAGAC6CGC AAGCGTCGCA 60 
TCAGGCAACC AGTGCCGGAT GCGCGTGAAC GCCTTATCCG CCCtACAACT CATXACCC6T 120 
ACOCCTGATA AGCCCAGCGC ATCAGGCGTA AOUU^GAAAT QCA(?&UUm: TTTAAAAACT IBQ 
GCCCCTOACA CXAACACAGT nrXAAAGGT 7CCTTCGCGA GCCACXACGT AfiACAAGASC 240 
TCGCAAGT«^ ACCCCGGCAC GCACATCACT GTGCGTGGTA CXATCCACG6 C&VAGTAAGC 300 
ATAAAAAAGA TGCTTAASGG ATCACG ATG CAG AAC AGC GCT TTG AAA 6CC TGG 353 

Met Gin Asn Ser Ala Lexi Itys Ala Trp 
1 5 

TTG GAC TCT TCT TAC CTC TCI GCC CCA AAC CAG AGC TGG ATA GAA CAG 401 
Ifeu A3P Ser 5er Tyx I^u s«r Gly Ala, Asn Cln Ser Trp He Glu Oln 
10 15 20 25 

CTC TAT GAA gAC TTC TTA ACC GAT CCT GAC TCG GTT SAC GCT AAC TGG 44d 
Leu Tyj; Glu Asp Phe Leu Thr Asp Pxo Aep Ser Asp Ala Aan Tzp 

30 as 40 

CGT 9C6 ACC TTC CAG CAG TTA CCT GGT AcG GGA GTC AAA CCG OAT CAA 497 
Arg Ser Thr Pha Gin cln Latj pro Gly .Thx Gly val Lys Pro Asp Gin 

45 50 55 

TIC CAC TCT CAA ACG CGT SAA TAT TTC CftTt rjsr. rra cri? >jia, GCT 545 

Pbe Hi© Ser Gin Thr Arg Glu Tyr Phe Arg Arg L^u Ala l.ye A^p Ala 

60 65 70 

TCA CGT TAC TCT TCA ACG ATC TCC GAC CCT GAC ACC AAT GTG AAG CAG 593 
Ser- Arg Tyr Ser Sex Thr He Ser Asp Pro Asp TKr Asn Val Lys Gin 

75 00 es 

GTT AAA GTC CTG CAG CTC ATT AAC GCA TAC C6C TTC CGT GGT CAC CAG 641 
Val Lys Val Leu Cln Leu Zle Asn Ala Tyr Arg Pb6 Arg Gly His Gin 
90 95 100 105 

CAT GCG AAT CTC GAT CCG CTG GGA CTG TGG CAG CAA GAT AAA GTG GOC 669 
His Ala Asa Leu Asp Pro X«eu Gly Leu Trp Gin Gin Asp Xys vai Ala 

110 lis 120 

GAT CTG GAT CCG TCT TTC CAC GAT CTG ACC GAA GCA GAC TTC CAG GAG 737 
Asp Leu Asp Pro Sar Phc His Asp Leu Thr Glu Ala Asp Phe Cln Glu 

125 ISO 135 

ACC TTC AAC GTC GOT TCA TTT GCC AGC GGC AAA GAA ACC ATG AAA CTC 705 
Thr Phe Asn Val Gly Ser Phe Ala Ser Gly Lys Gin Thr Me^ Lys Leu 

140 145 150 

GGC GAG CTC CTG CAA GCC CTC AAG CAA ACC TAC TGC GGC CCG ATT GGT 833 
Cly Glu Leu Leu Glu Ala Leu Lya Gin Thr Tyr Cys 6ly Pro He Gly 

155 160 165 

GCC GAG TAT ATG CAC ATT ACC AGC ACC GAA GAA AAA CGC TGG ATC CAA BQl 
Ala Glu Tyr MeC Kls He Thr Ser Thr Glu Glu Lys Arg Trp Zle Gin 
170 175 IBO 185 

CAG CGT ATC GAG TCT GGT CGC GCG ACT TTC AAT AGC GAA GAG AAA AAA 929 
Gin Arg He Glu Ser Gly Arg Ala Thr Phe Asn Ser Glu Glu Lya Lys 

190 195 200 

CGC TTC TTA AGC GAA CTG ACC GCC GCT GAA GGT CTT GAA CGT TAC CTC 977 
Arg Phe Leu Ser Glu Leu Thr Ala Ala Glu Gly Leu Glu Arg Tyr Leu 

205 210 215 

GGC GCA AAA TTC CCT GGC GCA AAA CGC TTC TCG CTG GAA GGC GGT GAC 1025 
Gly Ala Lys Phe Pro Gly Ala Lys Arg Phe Ser Leu Glu Cly Gly Asp 

220 225 230 

GCG TTA ATC CCG ATG CTT AAA GAG ATC ATC CGC CAC CCT GGC AAC AGC 1073 
Ala Leu He Pro Met Leu Lys Glu Met He Arg Hl« Ala Gly Asn Ser 

235 240 245 

GGC ACC CGC GTG GTT CTC GGC ATG GCG CAC CCT CCT CGT CTG AAC 1121 

Gly Thr Arg Glu Val Val Leu Gly Met Ala His Arg Gly ATg Leu Asn 
250 255 260 265 

GTG CTG GTG AAC GTG CTO GCT AAA AAA CCG CAA GAC TTG TTC GAC GAG 1169 
V£X Leu Val Aso V^l Leu Gly Lys Lys Pro Gib Asp Leu Phe Asp Glu 

270 275 280 

TTC GCC GGT AAA CAT AAA GAA CAC CTC GGC ACG GGT GAC GTG AAA TAC 1217 
Phe Ala Gly Lys Bis Lys Glu His Leu Gly Thr Gly Asp Val Lys Tyr 



11 



EP 0 B70 370 B1 



SO 



40 



90 



285 290 295 

CAC ATO GGC TTC tCG TC7 GAC TTC CTiG ACC GAT GGC GGC CTG GTG CAC 1265 
Bi« Met Gly Phe Se£ 5«r A:sp Pbe Gin Thx Asp GXy 9ly Vftl Biff 

300 305 310 

CTC GCC CTC GCC TCT AAC CCG TCT CAC CTT GAC ATT CTA AGC CCG GTA 1313 
I^u Ala t«u Ala Pb<: Asa Pre 5c£ HlA l^u Glu lift Val ^ro-V:al 

315 320 325 

GTT ATC GGT TCT GTT CGT GCC CGT CTG GAC AGA CTT GAT GAG CCG AGC 1361 
Val lie Gly Sex Val Arg Ala Arg L&U Adp Arg Leu Asp Clu Pro Ser 
330 335 340 345 

AGC AAC AAA GTG CTG CCA ATC ACC ATC CAC GGT GAC GCC GCIV GTG ACC 1409 
Ser Asn Lys Val teu Pro lie TKr Xle Hla Gly Asp Ale Ala V&l Tlvt 

350 355 360 

GGG CAG GGC GTG GTT CAS GAA ACC CTG AAC ATG TCG AAA GCG CGT GGT 1457 
Gly Glfi Gly Wl Val Ola Glu Thr Leu Asn Het Ser Lys Ala Axg Gly 

36S 370 375 

TAX GfiA iaTT XiW^ AUC? 6ZA CGT ATC GTT ATC AAC AXC CAG CTT GGT 1505 

Tyz Glu V^l GXy Gly Tliz V^X Arg 11« Val lie Aso Pan Gin Val Gly 

300 385 390 

TTC ACC ACC TCT AAT CCS CTG GAT GCC CGT TCT AC6 CCG TAC TGT ACT 1553 
Pb« Thx The Sec Asn Pxo Leu Asp Ala Axg Ser Thr pro Tyr Cys Thz 

395 400 40S 

GAT ATC GGT AAG ATG GTT CAG GCC CCG ATT TTC CAC GTT AAC GCG GAC 1601 
A$p Xle Gly Lys MeC val Gls Ala Pro ilo Fhe Els Vhl Asn Ala Asp 
410 4X5 420 425 

SVr CCG GAA GCC GTT GCC TTT GTG ACC CGT CTG GCG CTC GAT TTC CGT 1^49 
Asp Pro Glu Ala Val Ala Phe Val Thr AJt^ Leu Ala Lou Asp Phe Arg 

430 435 440 

AAC ACC TTT AAA CGT GAT GXC TTC ATC GAC CTG GTG TCG TAC CGC CGT 1697 
Asxi Thr Phe Lys Arg Asp Val Phe Xle Adp LeU val Ser Tyr Arg Arg 

445 450 455 

CAC GGC CAC AAC GAA GCC GAC GAS CCG AGC CCA ACC CAG CCG CTG ATG X74$ 
His Gly His Asn Glu Ala Asp Glu Pro Ser Ala Thr Gin Pro Leu Met 

4e0 465 470 

TAT CAG AAA ATC AAA AAA CAT CCG ACA CCG CGC AAA ATC TAC GCT* GAC 1793 
Tyr Gin Lys lie Lys Lys His Pso Thr Pro Arg Lys Xle Tyr Ala Asp 

475 460 405 

AAG CTG GAG CAG GAA AAA GTG GCG AC6 CTG GAA GAT GOC ACC GAG ATG 1041 
Lys Leu Glu Gla Glu Lys Val Ala Thjr Leu- Glu Asp Ala Thr Glu Met 
490 495 500 505 

GTT AAC CTG TAC CGC GAT GCG CTG GAT CSCT GGC GAT TGC GTA GTG GCA 1889 
Val Asn Leu Tyr Avg Asp Ala Leu Asp Ala Gly Asp Cys Val Val Ala 

510 5XS 520 

GAG TGG CGT CCG ATG AAC ATC CAC TCT TTC ACC TGG TCG CCG TAC CTC 1937 
Glu Trp Arg pro MbC Asn Met Hla Ser Phe Thr Trp Ser Pro Tyr Leu 

525 530 535 

AAC CAC GAA TGG GAC GAA GAG TAC CCG AAC AAA CTT GAG ATG AAG CGC 19B5 
Asn His Glu Trp Asp Glu Glu Tyr Pro Asn Lys V^l Glu MeC Lys Arg 

540 S4S 5$0 

CTG CAS GAG CTG GCG AAA CGC ATC AGC ACG GTG CCG GAA GCA GTT GAA 2033 
L^u Gin Glu Leu Ala Lys Arg lie Sor Thr Val Pro Glu Ala Val GlU 

555 560 565 

ATG CAG TCT CGC GTT GCC AAG ATT TAT GGC GAT CGC CAG SCG ATC GCT 2081 
M^t: Gin Ser Arg Val Ala Lys Xla Tyr Gly Asp Arg Gin Ala Ket Ala 
570 575 580 5B5 

GCC GGT GAG AAA CTG TTC C3AC TESG GGC GGT GCG GAA AAC CTC GCT TAC 3129 
Ala Gly Glu Lys Leu Phe Asp Trp Gly Gly Ala Glu Asn Leu Ala Tyr 

5AO 600 
GCC ACG CTG GTT GAT GAA GGC ATT CCG GTT CGC CTG TCG GGT GAA GAC 2177 
Ala Thr Leu Val Asp Glu Gly He Pro Val Arg Leu Ser Gly Glu Asp 

605 610 615 

TCC GGT CGC GGT ACC TTC TTC CAC CGC CAC GCG GTG ATC CAC AAC CAG 2225 
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5 r Gly Arg 6ly T2xf fhe ^he His Arg His Ala Val ZXe KIa Asn Gin 

620 625 630 

TCT AAC GGT TCC ACT TAC ACO CCG CTG CAA CAT ATC CA7 AAC GGG CAG 
- Ser Asn 6ly Ser Thr Tyr Thx Pro l«u do aLs XX« Hlff A«n Qly Gin 

^ 635 640 645 

GGC GCG TTC CCT 6TC TGG GAC TCC CTA CTG TCT GMi GAA GCA CTG CTG 
Gly Ala Phe Arg Val Trp Asp Sec VaX X«eu Ser Gill Glu Ala Val Xeu 
65D 655 660 665 

GCG TTT GAA TAT GGT TAT GCC ACC GCA GAA OCA CGC ACT CTG ACC ATC 
10 Ala Pha Glu Tyr Gly Tyr Ala Thx Ala Glu Pxo Arg Thr Leu »r He 

670 675 680 

TGG GAA GCG CAG TTC GGT GAC TTC GCC AAC GGT GCG GAG GTG GTT ATC 
Txp Glu Ala GXn Phe Gly Asp Phe Ala Aen Gly Ala G1& Val VU Ue 

6B5 eSO 695 

GftC CAG TTC ATC TCC TCT GGC GAA CAG AAA TGG GGC CGG ATG TGT GOT 
Asp Gin Fbe Zle Ser 5ar Gly Glu Gin Lya TCp Gly Arg Mat Cy« Gly 

700 70S 710 

CTG GTG ATG TTG CTG CCG CAC GGT TAC GAA GGG CAG GGG CCG GAG CAC 
V4l Xtet teu L«u Fro His Gly Tyr Glu Gly GXn Gly Pro Glu Hi« 
715 720 725 

^ TCC TCC GCG CGT CTG GAA CGT TAT CTG CAA CTT T6T GCT GAG CAA AAC 

R^r »r»y Clw Acfj Ty£ X^vu- ^la- Is^j^C^v-AlA- Cl«- -Clxi- ^a-- 
730 735 740 745 

Met: Gin Val Cys Val Pro Ser Thr Pro Ala Gin val Tyr His Met: Lau 
750 755 760 

^ CGT CGT CAG GCG CTG CGC GGG ATG OGT CGT CCG CTG GTC GTG ATG TCG 

Ar^.j&'T^ /51 T* lil* T^»» fzXy Pr^ V.^Z Cwi 

7^3- 7 70 / /b" " 

CCG AAA TCC CTG CTG CST CAT CCG CTG GCG GTT TCC AGC CTC GAA GAA 
Pro Lys Ser Leu Leu Arg Bis Pre Leu Ala Val Ser Ser Leu Glu Glu 
30 780 785 790 

CTG GCG AAC GGC ACC TTC CTG CCA GCC ATC CGT GAA ATC CWC GAG CTT 
Leu Ala Asa Gly Thr Phe Lau Pro Ala Zle Gly Glu Zle Asp Glu Leu 

795 800 80S 

GAT CGG AAG GGC GTG AAG CGC GTA GTG ATG TGT TCT GGT AAG GTT TAT 
Asp Pro-Ly* Gly val Lya Arg v^l Val Met Cya Sax Cly Lyd Val Tyr 
as 810 815 820 825 

TAC GAC CTG CTG GAA CAG CGT CGT AAG AAC AAT CAA CAC GAT GTC GCC 
Tyr Asp Leu Leu Glu Gin Arg Arg Lys Asn Asn Gin His Asp Val Ala 

830 835 . 840 

ATT GTG CGT ATC GAG CAA CTC TAC CCG TTC CCG CAT AAA GCG ATG CAG 
lie val Arg tie Glu Gin Leu Tyr pro Ph^ pro His Lys Ala Ket Gin 
« 845 850 855 

GAA GTG TTG CAG CAS TTT GCT CAC GTC AAG GAT TTT GTC TGG TGC CAS 
Glu v^ Leu Gin Gin Phe Ala His val Lys Asp phe Val Trp Cys Gin 

860 865 870 

GAA GAG CCG CTC AAC CAG GGC GCA TGG TAC TGC AGC CAG CAT CAT TTC 
Glu Glu Pro Leu Asn Gin Gly Ala Trp Tyr Cys Ser Gin His Uls Phe 

' B75 880 885 

CGT GAA CTG ATT CCG TTT GGG GCT TCT CTG CGT TAT GCA GGC CGC CCG 
Arg Glu Val Zle Pro Phe Gly Ala Ser Leu Arg Tyr Ala Gly Arg Pro 
690 895 900 905 

GCC TCC GCC TCT CCG GCG GTA GGG TAT ATG TCC GTT CAC CAG AAA CAG 
50 Ala Ser Ala Ser Pro Ala val Gly Tyr Met Ser Val His Gin Lys Gin 

910 915 920 

CAA CAA GAT CTG CTT AAT GAC GCG CTG AAC GTC GAA TAAATAAAGC 
Gin Gin A»p Leu Val Asn Asp Ala Leu Asn Val Glu 

925 930 
ATACACA ATG AGT AGC GTA GAT ATT CTG GTC CCT GAC CTG CCT GAA TCC 
" Met Ser Ser Val Asp He Leu Val Pro Asp Leu Pro Glu Ser 

15 10 



2273 
2321 
2369 
2417 
2465 
2513 
2561 

2657 
2705 
2753 
2601 
2849 
2897 

2945 

2993 

3041 

3089 

3135 

3184 
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GTA GCC G/a GCC ACC GTC GCA ACC T6C CAT AAA AAA CCC 60C GAC <iCA 3232 
V«l Ala Asp Ala Thr VaX Ala Thr Trp Bis L^a hys Pro Gly Asp Ala 
15 20 25 30 

. CTC GTA CGT GAT CAA CTG CTG GTA GAA ATC GAA ACT GAC AAA GT6 GTA 3280 

Val Val Ar9 Asp 61u Val Z^u Val Glu Xle Glu Thr Asp Ly9 Val Val 

35 40 43 

CTC GAA CTA CCG GCA TCA GCA GAC GGC ATT CT6 GAT GQ$ GTT CTG GAA 3326 
I.«u Glu Vbl Pro Ala Se£ Ala Asp Gly Xle I.eu Asp Ala val Leu Glu 
50 55 60 

10 GAT GAA C56T ACA ACC GTA ACC TCT CGT CM ATC CTT GCT OGC CTG CGT 3376 

Asp Glu Gly Thr Thr Val Thr Ser Arg Gla Zl« Leu Gly Arg L^u Azg 

65 70 75 

GAA GGC AAC AGC GCC CGT AAA GAA ACC AGC GCC AAA TCT GAA GAG AAA 3424 
du Gly Asn Sex: Ala Gly Ly$ Glu The Sex Ala Lys S^r Glu Glu Ly* 

80 - 05 90 

GG6 TCC ACT CCG GCG CAA CCC CAG CAG GC6 TCT CTG GAA GAG CAA AAC 3472 
Ala S«r Thr Pro Ala Gin Arg Cln Gib Ala Ser Leu Glu GLu Gin Asn 
9S 100 105 110 

AAC GAT GCG TTA AGC CCG GCG ATC CGT CGC CTG CTG GCT GAA GAC AAT 3520 
AsB Aap Ala Leu '5er Pro Ala lie Arg Arg Lea Lea Ala Clu His A3n 
so 120 125 

CTC GAC GCC AGC GCC ATT AAA GGC ACC GCT GTG GGT GGT COT CTG ACT 3S68 
Leu Asp Ala Ser Ala lie Lys Gly Thr Gly Val Gly Gly Arg Lev Thr 

130 135 140 

CGT GAA GAT GTG GAA AAA CAT CTG GCG AAA GCC CCG GCG AAA GAG TCT 3616 
Arg Glu Asp Val Glu Lys His Lcni Ala Ly« Ala Pro Ala Lys Cl\i Ser 
£5 145 150 155 

GCT CCG GCA GCG GCT GCT CCG GCG GCG CAA CCG GCT CTG GCT GCA COT 3664 
Ala Pro Ala Ala Ala Ala Pro Ala Ala Gin Pro Ala Lea Ala AlA Arg 

1$0 165 170 

AGT GAA AAA CGT GTC CCG ATG ACT CGC CTG CGT AAS CGT GTG GCA GAG 37^2 
Ser Glu Lys Arg V«il Pro Met Thx Arg LcU Arg Lys Arg Val Ala Glu 
90 175 180 185 190 

CGT CTG CTG GAA GCG AAA AAC TCC ACC GCC ATG CTG ACC ACC TTC AAC 3760 
Arg Leu l»eu Glu Ala Lys Asa Ser Thf Ala Ket Leu Thr Thr Phe Aan 

195 200 205 

GAA GTC AAC ATG AAG CCG ATT ATG GAT CTG CST AAG CAG TAC GGT GAA 380S 

Glu Val Asn Net Lys Pro lie Ket Asp Leu Arg Lys Gin Tyr Gly Glu 
^ 210 21S 220 

GCG TT7 GAA AAA CGC CAC GGC ATC CGT CTG GGC TTT ATG TCC TTC TAC 3656 
Ala Phe Glu Lys Arg Bis Gly lie Arg Leu Cly The Z^z The Tyr 

225 230 235 

GTG AAA GCG GTG G7T GAA GCC CTG AAA Ct^ TAC CCG GAA GTG AAC GCT 3904 
Vol Lys A1& Val Val Glu Ala Leu Lys Arg Tyr Pro Glu Val Ash Ala 

240 245 250 

TCT ATC GAC GGC GAT GAC GTG 6TT TAC CAC AAC TAT TTC GAC GTC AGC 3952 
Sftr lie Asp Gly Asp Asp Val Val Tyr His Asa Tyr Phe Asp Val Scr 
255 260 265 270 

ATG GCG GTT TCT ACG CCG CGC GGC CTG GTG ACG CCG CTT CTG CGT G»a 4 000 

45 Mer Ala Vai Ser Tbr Pro Arg Gly Leu Val Thr Pre Val Leu Arg Asp 

275 280 285 

GTC GAT ACC CTC GGC ATG GCA GAC ATC GAS AAG AAA ATC AAA GAG CTG 4048 
Val Asp Thr Leu Gly Met Ala A»p lie Glu Lys Lys He Lys Glu Leu 

290 295 300 

GCA GTC AAA GGC CGT GAC GGC AAG CTG ACC GTT GAA GAT CTG ACC GGT 4096 
SO Ala V^l. Lys Gly Azg Asp Gly Lys Leu Thr val Glu Asp Leu Thr Gly 

305 310 315 

GGT AAC TTC ACC ATC ACC AAC GGT GGT GTG TTC GGT TCC CTG ATG TCT 4144 
Gly Asn Phe Thr Xle Thr Asn Gly Gly Val Phe Gly Ser Leu Met Ser 

320 325 330 

ACC CCG ATC ATC AAC CCG CCG CAG ABC GCA ATT CTG GGT ATG CAC GCT 4192 
Thx Pro lie Xle Asn Pro Pro Gin $er Ala Xle Leu Gly Mac His Ala 
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335 340 345 3^0 

ATC AAA OAT CGT CCC ATC GCe CTG AAf CCT C»G f?XT A3*c CTS CCG ^240- 

Xle tys Asp Arg Pro Mei Ala Val Asn Gly Gin Val Glu He Leu Fro 

355 360 365 

ATG ATG TAG CT6 GCC CTC TCC TAC GAT CAC CCt CTG ATC GAT GGT CGC 42BB 

Met Met Tyr Leu Ala Ireu Ser Tyr Asp Bis Arg l«u lie Asp GXy Arg 

370 375 380 

GAA TCC CTG GGC TTC CTG GXA ACG ATC AAA GAG TTG CTG GAA GAT CCG 4336 
Glu $cr v«l GXy Lau V&l Thr XI e Lys Glu Ifeu l^eu Glu Aap Pro 

3B5 390 395 

ACG CGT CTG CTG CTG GAC GTG TAGTAGTTTA AGTTTCAOCT CCACTGTAGA 4 387 

Tlir Arg Leu Leu Leu Asp V^l 
400 405 
CCG6AZAAGG CATXATCGCC TTCTCCGGCA ATTGAAGCCT GATGCGACGC TGACGCGTCT 4447 
TATCAGGCCT ACGGGACCAC CAATGTAGGT CGGATAAGGC GCAACGCCGC ATCCGACAAG 4507 
CGA7GCCTGA TGTGACGTTT AACGTGTCTT ATCAGGCCXA CGGGTGACCG ACAATGCCCG 4567 
CAACCCATAC GAAATATTCC GTCTACCGTT TATITvACATa;^ CCATTACVC^ AGG7k.T9 4 625 



SO SEQ ID No.: e 

Length : 19S7 base pa)r9 
Type : Nucleotide 
Strandodnoss : SInglo 
Topology : Unear 
25 Molecule typo: Genomic DNA 
Original eource 

Organfsm : Escherichia con 
. Sequence feature 

Feature koy : CDS =^from 1 94 lo 1 537 bp coding sequence Location : 1 94..1 537 
30 Method of feature determination : E 
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CCt^GGTGGOV AAACXTTAGC GTCTGAGGTT ATCGCAATTT GCTTMGAGA TTACTCTCCT 60 
TATXAATTTG CTTTCCTGG© TCATTTTTrr CTTGCTTACC GTCACATTCT TGATGGTMA 120 
GTCGAAAACTL^GCaAAAGCAC ATKACATAAA CA>«TAagc AC»ATCf?TM TAAZASL^VSTlA ISO 
GGGTTTTATA TCT ATC GAT CAC ACA lAT TCT CTG GAG TCA TTC CTC AAc""' 229 
Met Asp Gin Thr Tyt r:ln R*^r Ph*!- I-»u Asn 

15 10 
CAT CTC CAA AAG CGC CAC CCG AAT CAA ACX GAG TTC CCC CAA -GCC GTT 277 
Hl9 Val Gin X*ys Arg Asp Pro Asn Gin THjc Glu Phe Ala Gin Ala Val 

15 20 25 

CGT GAA GTA ATG ACC ACA CTC TGG CCT TXT CTT GAA CAA AAT CCA AAA 325 
Arg Glu Met Thr Thr lieu Trp Pro Phe Leu Glu Gin Asn Pro Lys 

30 35 40 

TAT CGC CAG ATG TCA TTA CTG GAG CGT CTG GTT GAA CCG GAG CGC GTG 373 
Tyr Arg Gin Met: I<eu i,eu Glu Arg Leu Val Glu Pro 61u Arg 

45 SO 55 60 

ATC CAG TTT CGC GTG GTA TGG GTT GAT GAT CGC AAC CAG ATA CAC GTC 421 
lie Gin Phe Arg Val Val Trp Val Adp Adp Arg Asn GId He Gin V^l 

65 70 75 

AAC CCT GCA TGG CGT GTG CAfi TTC AGC TCT GCC ATC GGC CCG TAC AAA 4 69 

^ Asn Acg Ala Trp Arg VaJ. Gin Phe 5er Ser Ala He Gly Pro Tyr Lys 

80 85 90 

GGC CGT ATG CGC TTC CAT CCG TCA CTT AAC CTT TC3C ATT CTC AAA TTC 517 
Gly Gly Met Arg Phe Hid Pro 5er Val Asa Z#eu 5er lie Leu Lys Phe 
95 100 105 

^ CTC fiGC XTT fiM..CAa^ACR_X3:c..AAA.AAr_i3CC.JCT.<^^ 

Leu Gly Phe Glu Gin Thr Phe Lys A$& Al« Leu Thr Thr Leu Pro Met 

110 1X5 120 

GGC GGT G6T AAA GGC GGC AGC. GAT TTC GAT CCG AAA GGA AAA AGC GAA 613 
Gly Gly Gly Lys Gly Gly Ser Asp Phe Asp Pro Lys Gly Lys Ser Glu 
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X2$ 130 135 140 

OOT CTG ATS CST TTT TGC CAS GC6 CTG AIG ACT 6AA CTG TJVT CGC €61 

Gly 61u VaI Ket Jixg Fbe Cys Glo Ala Leti Met Tlix Glu Leu Tyx Arg 

145 150 155 

<ASZ eve CCC GOG GAT ACC GAC GTT CCG GCA GGT GAT ATC GGQ CTT GCT 709 
His lieu Gly Ala Asp Thr A^p Val pro Al* Gly Asp He Gly Val Gly 

160 165 170 

6GT CGT GAA GTC GGC TTT ATG GCC GGG AXG ATG AAA AA6 CTC ICC AAC 757 
Gly Xrg Glu Wl Gly Pbc >tet Ala dy tb»X Hst tys lys Leu Ser Asu 

175 ISO 185 

AA7 ACC GCC TGC GTC TTC ACC GGT AAG GGC CTT TCA TTT GGC GGC ACT 805 
Ash Thr Ala Cys Val Phtt Thr Gly I^rg Gly Leu Sei: Phe Gly Gly 5er 

190 195 200 

CTT ATT CGC CCG GAA GCT ACC GGC XAC GGT CTS GTT TAT TTC ACA GAA B53 

xla Ar9 Pro gIo Ala tinT sly Tyr Gly Leu Val Ty* Pfae Thr Slu 
205 210 21S 220 

GCA ATG CTA AAA CGC CAC GGT ATG GGT TTT GAA GGG ATG CGC GTT TCC 901 
Ala Ket Leu Lya Arg Bis Gly Msfc Gly l^he Glu Gly Met AX9 Vial Ser 

225 230 235 

GTT TCr GGC TCC GGC AAC GTC GCC CAG XAC GCT ATC GAA AAA GCG ATG 94d 
Val Ser Gly Ser Gly Asn V^l Ala 61^ Tyr Ala He Glu Ly« Ala Ket 

240 245 250 

GAA TTT GGT GCT CGT GTG ATC ACT CCG TCA GAC TCC ACC GGC AcT GSA 5S7 
Glu Phe Gly Ala Ax^ Val Zl« The Ala Sec Asp Ser Ser Gly Tlir Val 

255 260 265 

GTT GAT GAA AGC GGA TTC ACG AAA GAG AAA CTG GCA CGT CTT ATC GAA 1045 
Val Asp Glu SejT Gly Phe Thjc Lys Glu I^ya Leu Ala Arg Leu Zle Glu 

270 275 2B0 

ATC AAA GCC AGC CGC GAT GGT CGA GTG GCA GAT TAG GCC AAA GAA TTT 10^3 
Zle Lys Ala Ser Arg Asp Gly Arg V^l Ala Asp Tyr Ala Ly$ GlU Phe 
265 290 295 300 

GGT CTG GTC TAT CTC GAA GGC CAA CAS CCG TCC TCT CTA CCG GTT GAT 1141 
Gly XjfiU val Tyr Leu Glu Gly Gin Gin Pro Trp Ser Leu Pro Val Asp 

305 310 315 

ATC GCC CTG CCT TGC GCC ACC CAG AAT GAA CTG GAT GTT GAC GCC GCG 1199 
lie Ala Leu Pro cys Al« Thr Gin Asn Glu Leu A^p V&l Adp Ala Ala 

320 325 330 

CAT CAG CTT ATC GCT AAT GGC ' GTT AAA GCC GTC GCC GAA GGG GCA AAT 1237 
Ul8 Gin Leu Zle Ala Asn Gly Val Lys Ala Val Ala Glu Gly Ala Asn 

335 340 345 

ATG CCG ACC ACC ATC GAA GCG ACT GAA CTG TTC CAG CAG GCA GGC GTA 12fiS 
Met Pro Thr Thr Xle Glu Ala Thr Glu Leu Phe Gin Gin Ala Gly Val 

350 355 360 

CTA TTT GCA CCG GGT AAA GCG GCT AAT GCT GGT GGC GTC GCT ACA TCG 1333 
Leu Phe Ala Pro Gly Lys Ala Ala Asn Ala Gly Gly Val Ala Thr Ser 
365 370 375 380 

GGC CTG GAA ATG CCA CAA AAC GCT GCG CGC CTG GGC TGG AAA GCC GPiG 1381 
Gly Leu Glu Met Fro Gin Asn Ala Ala Arg Leu Gly Trp Lys Ala Glu 

385 390 395 

AAA GTT GAC GCA CGT TTG CAT CAC ATC ATG CTG GAT ATC CAC CAT GCC 1429 

Lys Val Asp Ala Arg Leu His His lie Met Leu Asp He His-ftis Ala 

400 405 410 

TGT gTT S?^ S3?^T 55T GGT_5ilA G GT GAG CAA ATf- *^fi r^rtr ruru^ 1 dT7 

-cr-t»tt ■•*iJw*v«:cy-.^jiY Ay v»jti;"-*.'**^->^«* *"jr*.* *"Sir «mj 

415 420 425 

GC3S AAC ATT GCC. ffCT T-T^ rtTYS TV'S/-. -TOT. -Cr*--? -CCr .t.riT, .z^C. ^JS. . . ^Z^S. - 

JkXm r\*>, Aim Cly pKv v«l r,ya V»i *J.- »^ " ' b.4 ^ — _ . _ _ 

^O ^25 440 

GGT GTG ATT TAAGTTCTAA ATGCCTGATG GCGCTACGCT TATCAGGCCT 1574 
Gly Val lie 
4^.5 

" A£&AXT»W5HK A«tXA*< j'JlATT C%CAV?TTJ^CS^ T'CTmAT^^Aw^ 
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CCGGCMAAT TTCAGGCGT7 TATGAGTAIFT TAACOGAJTGA. TGCTCCCCAC GGAACATTTC 1694 

TTATGGGCCA. ACCGCATTTC TTXCTOrtMST GCTCCCAAAA. CTGCTTGTCG XAACGAXAAC 1754 

ACGCTTCAAG TTCAGCATCC 6TTAACTTTC TGCGG;u:TCA CGCGCGCAGC ACXAXGCCAG 1814 

TAAAGAAMfC CCMTTGACT ATTTTTTTGA lAMTCTTCTT CGCTTTCGAA CAACTCGTGC 1M4 

GCCTTTCGAG MGCAAGCAT XATATAATGC CAGGCCACTT CTTCTTCAAT TGTCCCGTTT 1934 

TQA 1937 



Claims 

1 . A mutant of the {^cnus Escherichia having L-^kitamic Eicid-productivrty. said mutant having deficient or reduced a- 
Ketogtutamte dehydrogenasG activity and enhfinced phosphoenotpyruvare corfoovylafie and glutanrtate dehydro- 
genase act}vl0e«, 

19 

2. A method of producing L-gluiamlc acid by femnenlation comprising culturing in a liquid culture medium a mutant 
of the genUG Egcherichia having L-sIutamic acld-producttv|ty $aid mutant having dcficiont or reduced a-Ketoglu- 
taralo dehydrogenase acttvfoy and onhanciKl phodphoenolpyruvatc cartraxytase and glutemate dehydrogenase 
activities, accumulating L-glutamic acid in the culture, and recovering L-glutamic acid therefrom. 



Pate ntansprdche 

1. Mutanie dor Gattung Eecherichia. die L-Glutaminsdure produzlert und Icelne Oder vormtnderte o-Ketoglutaratde- 
hydrogenasoaktivitat und erhdhte PhC6phoenotpyruvatcart>oxylase- und Giutamatdehydrogenascakth^ltdten hat 

2. Verfahren zur HcrstoIIung von L-Glutanminsfiure durch Fermentation, welches das KulUvieren einer Mutante der 
Gattung Escherichia, 6le L-Gluiamtns&ure produzlcrt und kelne Oder ven^tnderte a-Ketoglutaratdehydrogenaae- 
aidivilat und erhohto Phosphoenolpyruvatcarfooxylase- und G I utamatde hydrogen as 68 kUvitalen hat in oinem flfis- 
sigen Kulturmedlum. da$ AnhaUfen von L-Glutaminsaure in der Kultur und das Gewinncn von L-GtutamlnsHum 
daraus umfaBt. 



Raven d (cations 

35 

1. Mutant du Qcnre Escherichia ayant une productMl6 d'addc L-glutamlquo, lodii mutant ayant une activity a-cflto- 
glucarate dehydrogenase d^ftcientc ou rdduite et des activity phosphodnolpyruvale carfooxytese et glutamatc 
d^shydro^enasc augmentdes. 

Proced^ de production d'addo L-gtutamlque par fermentation comprcnant la culture dans un milieu de culture 
ilquldG d*un mutant du genre Escherichia ayant une productivity d*ectde L-gkitamlque, ledtt mutant ayant uno 
activity a-cetogtutarate d6shydrogdnase d^flclento ou r^uite et des activitds phosphodnolpyruvate cartoxylase 
et glutamate d^shydrogenase augment 6cs, TaccumuIatl on d'adde L-glutamique dans la culture et la r^cuperatton 
de I'ecide L-gtutamlque & paitir de Ceile-ci. 
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Fig. 3 
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INTRODUCTION 

■ The central metabolic pathways are those iOto 
which flow all carbon compounds used by the cell and 
finom which all new cell material and waste products 
are derived. The discovery of the tricarboxylic add 
CrCA) cycle in 1937 (57) and its subsequent dCcepl&nce 
as the terminal pathway for the oxidation of foodstuGEs 
in all respiring anim^ tissues wa$ one oE the most 
significant events In the development of modem bio-. 
chemistry. Attempts to demonstrate the operation of 
the TCA cyde in microorganisms vfcrc initially unsiuo- 
oessfiil owinc to various techmcal dl6Eiculties, These 
problems* and the evidence that finally estabU&hod 
the cydk as the major pathway of terminal respiration 
in microorganisms* have been covered in earlier re- 
views (55, 5S>. 

Tlie reactions of the TCA cycle and its operation 
under aerobic conditiona are summarized in Fig. 1. 
The cydc afibrds the oxidation of acc^l units to COa 
and u»e generation of reduced nucleotides that are 
used for reductive biosynthesis or for trapping energy 
in the £&rm of ATP. The cycle also provides many of 
the precursors required for biosynthesis (Flgr 1). This 
function, of course, dictates the requirement fior the 
so-called anaplerotic reacttons. the rolc of whidhk is to 
replenish the intertnedlatcs of the cycle (see below). 
The nature of the carbon SOurcc dictates which 
anaplerotic reaction or pathway is used. 

In bacteria under anaerobic conditions^ the TCA 
cycle does not operate as shown in Fig. 1, but rather as 
TWO separate limbs emanating from oxaloaoetate that 
generate the 2-oxoglutaratc and succii\yl-cocnacyme A 
(CoA) required for biosynthesis (I), this branched. 



noncyclic pathway also seems to operate during aer^ 
obic growth on glucose, when the energy require- ' 
m^ts of the cell are largely. satisHcd by glycolysis. . 
Amarasi Ogham and ]Dauis (1) proposed that succinate 
formation from oxaloacetate involved reversal of Hux 
through the TCA cycle enzymes malaie dehydro- 
genase *and fiunarase^ while the reduction of fumarate 
was catalyzed by a Cumarate reductase (46)^ spodfir 
eally induced by. anacrobiosis, rather than by sue-' 
dnate dehydrogenase. Courxright and Henning (17) 
subsequently showed that makite dehydrogenase is , 
not necessary for the anaerobic generation of SUC> : 
(dnatc irom oxaloacetate and suggested that fumarvte 
formation from oxaloacetate occurs via Aspartate. , 
However, there is no evidence that this Is the oftty 
pathway that leads 10 anaerobic geikeration of fuma- 
rate. Boih of the possiblHUes described above are 
9hown in Fig. 2 • 

The basic outline of the TCA cycle and Its metabolic • 
roles has thus been dear for many years. Xn this, 
review. I concentrate on more recent Imdlngs in two 
main areas: first, the organization and expression of 
the gcniis encoding TCA cydc cozymcs; second. Ac 
short-term control of the cycle and anaplerotic reac- . 
tions, 

MOLECULAR CENETIC5 OF THE TCA CYCLB 

Gene Localizattok and Cloning 

The genes encoding the enzymes of the TCA eyde 
are summarized in Tabic 1 . This table Includes details 
for fumarate redttctase, %«hich is involved in the an- 
aerobic generation of succinate, and pyruvate dchy- 
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Acecvt-CoA 
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FIO, 1- The TCA cycle uodcr aofobjc conditions. Tbe co- 
Kvmcfl w a« fcWows. 1. Citrate syothase; 2 accnicasc; 
soclwte dchy<irogenaiic; 4, 2-ojQoghitarate dcbydt^ogena^; 
S fiucciayl-CoA synthetase; 6, succit»tc dehydrogenaM; 7, 
iimarasc: 8, lualnte debydbr^genase. H^vy artowa repnas^nt 
luxeft to btosyniKesfa. 

droecnaise. Althoxigh the latter enzyme U not formAUy 
pjot of the TCA cycle, it shares Mie subimix with 
2-axoglutarate dehydrogenase, and control ox 
scpres^on of the two complexes is of co&$td«rabie 
interest. AU of the genes lUied in Table 1 have now 
been cloxicd, barring chat for aconiiase, and the nuclo^ 
otide sequences of several have been determined. The 
locations of the genes oo the genetic m^p otE^ch^ck' 
ia coli are also shown in Table 1 - ' 

Tbe most striking feature to emerge &oxn these data 
is the existence o£ a cluster of TCA cycle genes at 
approximately 17 mln on the £. coli linkage map, 
Conventi^ial genetic mapping had Indicated that tf»c 
TCA ^de genes were in close proximity to each «>tba' 
but that several other genes were interepertcd be- 
tween them (e^., reference 3)- HowevcTi the complete 
nucleotide sequence of this region hais now been es- 
tabUshcd (10. 22, 23. 75; ^0, 109), and It Is clearthat 
nine TCA c ycle genes are in foc i coniiguOus, These 
genes, "^A-^hCDAB'^ucABCLf, encode four eiizymes 
or enzyme complexes of the TCA cycle, j^pparenUy in 
throe diffeiwt transcription units. Of the other genes 
encoding TCA cycle crutytnes, that for aconltase has 
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FIG, 2. Branched noncyclk palh^*«ly under anaerobic 
conditions. The cnzymi^ ^rt as follows. I. Citrate syntha-v; 
2, aconStase; 3, isocitrate dchydrostenase: 4, slutamatc-wca- 
loacctatc etninotransferase; 5, aspnrta**: 6, malatc dchydro- 
Btsnase; 7, Eumamse: 8. fuoiaratc reductase; 9. succinyl-CoA 
synthetase. 



• Pata taken from reference 3, except ptmC (41). • 
» For ^ po&sible roles of fujnA and fimtB, Gene 
tncalixatien aad Cloning. 



not been located^ and those tor isoatrate dehydro- 
genase, fumarase, and malate dehydrogenase are well 
separated &om each other and &om.'the rdne-gcne 
cli*stcr. The four genes encoding the components of 
fumarate reductase ax>6 found in a single transcription 
unit at 94 min on the linkage map (15, 16, 35) (Table 

^^The detailed molecular analysis of the TCA cycle 
gene cluster la largely the work of Guest and his 
coUeagaes, In 19B1. Guest (3S) selected recombinant 
plasmids from the aarke-Carbon gene bank (14) that 
carried xhc citrate synthase gW gene by complemen- 
tation of a g£tA mutant. Subsc^tucntly. the gUA gene 
was subcloned inro pha$e vectors by in vitro recomr 
bination. and this scjunenc of DMA was extended by 
prophage intcgradon atwl aberrant excision'. Deriva- 
tives carrying the sdk gcnes^ sucA^ and sucB were 
identified by transductian and complementation of 
apprt>priate mutants (91). FinaUy. ^bcloning of the 
region beyond sti^B revealed the presence of two 
further genes, sucC and iucD, which encode, respec- 
tively, the p and a subunlts of succinyl-CoA ^rodieiase 
(10). The analysis of this duster is discussed mnher 
below. , . . 

The gene mdh, eiw»ding malate dehydrogenase, 1^ 
been cloned by Sutherland and McAUster-Henn (97). 
Three plasmids in tlie Clarke-Carbon gene bank (14) 
were known to contain inserts originating close to the 
mdh gene^ but only we directed overexpressioo of 
malate dehydrogenase activity- Subsequently, ^ 
mdh gene was identified and then subcloned from this 
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ASSItwiOATION OP AMMONIA slutamitie in the ensexic bacteria, £. coH and S. typhi- 

murium, Inforrnatlon gained horn the study of the 
Ammonia as bUtzogen Souxoe n:latcd enteric organism, £3ebsUUa aerogcncs, has 

sometimes complemented that from JE. coU and S. 
Ammonia is the preferred source of nitrogen £or the typkimurium: therefore, JC am^gencs is discussed whiu) 
growth of enteric bacteria In a defined minimal me- appropriate. This subject has been most recently te- 
dium with glucose as the source of carbon. Although viewed by lyier (123) and MagasanUk; (74). 
there has been no syscemaTSc Study of the growth rate All ceUuIar nitrogen £6r the synthesis of macromol- 
of BscPurichUt coli Or So/moneOa typhimurium with ecules tn the eat^rie bacteria is derived from the 
various nitrogen sources, we are not aware of any data amldo greup of glutamine. the amino group of glu ta- 
in the literature or any observation from our labora- mate, or directly from incorporation of ammonlAt 
tory that suggests that any other nitrogen source Glutamate pzxivides nitrogen for the synthesis of most- 
sup ports a Easter growth rate than ammonia. It is the of the amino acids, whereas glutamine donates nltro^ 
purpose of this section to describe both how ammonia gen for the synthesis of pxirlnw^ pyrimidincs. amino 
IS assimilated and the relationship bct>ween ammonia sugars, histidino, tryptophan, asparagf ne, KAD, and 
assimilation and the biosynthesis of glutamate and p-aminobenzoate. A kilogram of Ory weight of £. co/t 
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coaCainS 11 19 12 g<iton35 oC total nitrogen; the syn- 
thesis of glutamnte and its products requires about tO 
g-atoms of nitrogen, whereas the synthesis of ^uta^ 
mine and nitrogen-containing compounds which 
rive nitrogen 6ram the glutzuAinc acnlde requires 13 
g-atoms M nitrogen (144). When the ammonium ion 
conocntrattoQ of the growth medium is sulEcienily 
high (greater thin 1 mM). ammonia is incorporatea 
directly into glutamate, glutamine, and aspar^gine. 
H wever, when the ammonium ion concentration of 
the growth medium is te»s than about 0.1 mM» am- 
monia is tncorporaied Into gliiiaminc only. 

The reactions rvsponsibk for ammonia assimilation 
and the synthesis o£ glutamate and glutamlne in 
ammonia-containing medium aze shown btlow. 

NH3 + glutamate + AW—* ghftamiiM; + ADP + P| 

Mg*' (1) 

Olutamin« + 2-kei^lutarate + MADPH 

2 glutamate + NADP* (2) 

NHa + 2-ketoglutarate + NADFH 

glutamate + NADP* (3) 

Tlic»c thre« reactions are catalyzed by glutamlne 
synthetase^ glutamate synthase, and glutamate dehy- 
dtogerxase^ respectively 

- The reaction cataly2ed by glutamlne synthetase Is 
the only known' biosyndictic route For the synthesis of 
glutamifie. Mutations in g/nA. the struGCural gene for* 
glutamine synthetase, result in an absolute require- 
ment for glutamine; thus, the ^/nA gene is the only 
. gene- coding for a glutamlne synthetase (66. 74, 82). A 
sprain with mutations that result in the loss oC both 
glutamate dehydrogenase and glutamate synthase b a . 
glutamate auxotroph. Thus^ the enzymes essential Cor 
ammonia assimilAlion and for the synthesis of gluca* 
ixinc and glutamate are glutamine synlhetase« gluta- 
mate synthase » and glutamate dehydrogenase «' 

A strain devoid of glutamate dehydrogenase activity 
(equation 3) has no dctcsctable phenotypc, but a defi- 
ciency of glutamate synthase (equaticm 2) results in 
the inability to garow when the medium contains a low 
level of anunnnium ion or a nitrogen source which 
generates ammonia slowly. These observations were 

cofi and 5. typhimiaitun (8, 13, 14. 31, $2. ?8), Vy^xcn 
cells are grovm in ammonia-containing medium, both 
glutamate dehydroget^ase and glutamate synthase 
synthesize glutamate. For cells in medium with a 

§rowth rate-Unuting source of ammonia, glutamate 
ehydrogcnasu is not involved in ammonia assimila* 
tion and glutamate formation: instead* glutamlne 
synthetase (equation 1) is the only active ammonia- 
assimilating enzyme, and glutamate synthase (equa- 
tion 2) is the only active glutamate-Eormlag enzyme . 
Therefore, glutamlne synthetase has two functions; 
the synthesis of glutamine and the assimilation of 
ammonia when the growth of the cell is limited by the 
availability of ammonia. 

About eight times more glutamate than glutamine 
is required for cellular biosyn theses; consequendy, 
during growth in a medium containing a low level of 
ammonia or some other source of nitrogen* when 
ammonia is assimilated exclusively into glutamine by 
glutamine synthetaser most of the glutamine must be 
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1. Axxunoala assimilatory cycle. 



recycled to glutamate. Tills means that the glutamine 
dependent amidotransfemscs other than glutamate 
synthase which convert glutamine to glutamate can 
only provide abcoit 12% of the cellular glutamate 
dtuing ammonia-limited growth. Apparently r gluta* 
mate ^thase produces the remaining 88% of the 
cellular glutamate. 

The reactions catalyzed by glutamine synthetase 
and glutaznate synthase form an ammonia assimila- 
tory cyelc (Fig. 1). This cycle allows the net assimila* 
tion of ammonia into ^utaminc via glutamlne synthe- 
tase and Che replenishment and maintenance of an 
adequate intraoellidar level of glutaioaate* 

* SowtCS of N^tt^en Other than Ammoskla 

E, eeU and 5. fyphinuinum can grow on a variety of 
. organic nltrogen>coataicung compounds as sole source 
of nitrogen but cannot grow on aziy inorganic nitrogen 
compotmd except axnnaonia. However, the related 
KUbsieila species can utilize nitrate, nitrite, or atmtf- 
spheric ^i^^T^pi^f^ i^trogen. A limited number of organ- 
ic nitrogen compounds, about 25, can support growth 
as sole sources of nitrogen. Tlic best surveys arc 
presented by Cutnick et al. (54) for 5. typfiimurium 

J I ^1 /..*^x r. »- ._r* -r* ^1 -.1 /le^ e-l.^iL^ 

et al. (1 14, 115), and Wild et al. (139) sometimes used 
nitrogen sources that wore not included in the sur^ 
veys. Therefore, the surveys should be considered 
incomplete and probably strain dependent. Further^ 
rnore, variants of £. coli have been isolated that can 
• grow on an extended range of tiitrogcn sources (63). 
Growth with these organic nitrogen sources is in- 
variably slower than with ammonia* We term such 
growth nitrogen limited. &oth the level and the spe- 
cific activity of ^utaminc synthetase are Invariably 
hi£^, consistent with its role in ammonia assimila- 
tion. This observation strmgly indicates that the 
^wth"limiting factor is always ih< rate of ammonia 
generation from these nitrogen sources and of Its 
subsequent assimilation. The same regulatory system 
that rqsulates the level and activity of glutamlne 
synthetase also regulates the level of an ammonia 
uptake system, thereby incrtasiog the ability of the 
cell CO scavenge a dlmlnl&hitvg supply of ammonia 
(55). 
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Regulation of Clutacnine Synthetase by Cumulative 
Ffeedbark InliibitiOD 

Olutafnioe synthetase hais two functions: the (orxna* 
tlon of glutamiDC Cor the synthesis of protein and 
other nitrogen compounds and (be assimilation of 
ammonia when the avaiUbillxy of sanmonla In the 
environmcni Is resuicied. In an aznixxonia-rich medi- 
um, the level of glutaminc synthetase is low, and 
glutamioe synthetase functxans primarily for the syn- 
thesis of glutamine, whereas in an ammonia^poor, 
nitrogen-limited medium the level of ghitamSne syn- 
thetase is hieh, and ghuaxnine synthetase has bodi 
Eunetions. The ammonia assimilatoxy £anctiOn ts 
quantitative more slgniBcani, as is evident from the 
Eact that almost ail of the glutamine synthesized nmst 
be reoonvcrtcd CO glutamaie by glutamate synthase. 
The cumulative feedback inhibition of glutamioe 
^thetase affectt ody adenylylated glutamine syn- 
thetase (118). The physlolo^cai sipilfieance of this 
inhibition is evident when the functions of glutamine 
synthetase are considerecL When, cells arc grown in. a 
nitrogen-limited medium, glutamine synthetase &mc 
tions primarily to assimilate ammonia. Glutamine 
synthetase is not adenylylated and not susceptible to 
feedback Inhibition. However, when the cells are 
grown in an anunoala-oontatnins medium, glutamine 
synthetase is partially adenylylatied and functions 
primarily in the formation of glutamine for the syn- 
thesis of protein and in the fonnation of some nitrog- 
enous intermediates. Therefore, it is aj;fpropriate that 
^utaminc synd^tase is susc^rible to inhibition by 
• the products of glutamine. 'metaboliscn* only in the 
amxnonia-cohtaining medium when -glutamine, syn- 
thetase is not necessary for aramotiia assimilation^ As 
a corollary/ part of the &mction.of thc adenylylation 
cascade is Co make' ghitamlne synthetase Susceptible 
. to cumulative feedback inhibition. 

, OLUTAMATB- 

Synthesis of Gluta mate 

Strains lacidng both glutamate synthase and gluta- 
mate dehydrogenase have an absolute requirement 
tor glutamate (8, 13« 14, 73, 123). The presence of 
dthcr enzyme in the cell allows the synthesis of 
glutamate in ammonia-concaining minimal medium. 
Stmins deficient in glutamaia dehydrogenase have no 
growth phcnotype, whereas cells deficient In gluta^ 
mate synthetase, an enzyme required for the assimi- 
lation of ammoida when it is present In the medium in 
low concentration <se« AssimilaUon of Ammonia, 
above)^ fail to grow with a variety of nitrogen sources. 
Strains of B. coU and K. aeragenes lacking glutamate 
synthase can grow with glutamate, aspan^ginc, aspar- 
tate, and D-serine and very slowly with glutamine as 
solo source of nitrogen (14, 91, 98; for a review, see 
rGfcrcnce 123). Mutations In strains of S. typhimurium 
causing the complete loss of glutamate synthase ac- 
tivity n:sult in the inability to utilize argioine as sole 
source of nitrogen, but these strains were not further 
characterised v^ith regard to their growth with other 
nitrogen sources (31). As r^iOTisseH In the previous 
sections, the inability of glutamate synthasc-deficicnt 
strains to grow on some amino acids that give rise to 



gluta m;ite results from their Eailure to produce the 
Knr systetns that degrade these compounds. This fail- 
ure is due to the inability of these mutants to convert 
the glutamine/ formed by ammonia assimilation^ to 
glutamate. Thm£ore, glutamate synthase has two 
functions, dbe synthesis of glutamate and the removal 
of glutamine. the primary product of ammonia nssim- 
ilaUon during nitrogen-limited growth. 

Clntamate Synthaae 

Properties of the purified ak^rne. In 1970. Tempest, 
Mecrs, and IBrown (64, 121) discovered glutamate 
synthase, which catalyzes the reductive amination 
(MADPU dependent) of .2-ketoglutaratc with gluta^ 
mine as the nitrogen donar. Th^ suspected the exist- 
ence of a route of glutamate syntheas indcDcndeot of 
glutamate dehydrogenase, because during the growth 
of K ajerogenes in a nitrogen-limited medium, gluta- 
mate dehydrogenase was repressed* but the intracel- 
lular pool glutamate was normal. The discoveiy of 
glutamate synthase established a previously unknown 
pathway of glutamate formation from ammonia: first, 
ammonia is incorporated by glutamine syntlurtase 
into gluiambae, and then the amide of glutamit^ is 
trai^ferred to 2-kctoglutarate to form two molecules 
of gluta mate^ 

The enzyme was subBequently purified from JS. coH 
W and EL aerogeneS^ The Cftxymc has two nonidentical 
subunits in equimolar amounts. In E. coU, the sub- 
units have molecular weights of 53,000 and 1354)00; 
in K aerogeft£S, the subunits have molecular Weij^ts 
of 513O0 and 175,000 (83, 122). The native molccular 
itfei^i of the purified en^mc of E. co^t was estimated, 
to h& 800,000 by sedimentation equilibrium and gel 
filtration; the enzyme, in K, aerpgenes had an 
consistent with this molecular weighti. However, Mill^ 
er and Stadtman (68) noticed that €tvc molecular 
weight (the S2ia^ was 13S instead of 205 after an oiariy . 
stage of the purificatioo. furthermore, Sakamoto et 
al. (112) showed that active glutamate ^nthase had,, 
two mbleeular weights, 200,000 and 800,000, and two 
£20^. 13S and 20S. Therefore, active glutamate 
syntluise is probably a dlmer that aggregates during 
the couxTO of purification. Glutamate synthase has not 
been purified firom typkimurium, but nntiscrmn 
raised against £. coii cnxyme precipitates two noly- 
peptides from 5. typhimurium with the same mcaocu- 
lar weights as th^ £rom f . co^ C73). 

The purified enzyme contains Bavin (both fiavin 
adenine dlnudeotide and flavin mononucleotide), iron 
(mostly ferrous), and labile sulfide. A stoichioxnetxy of 
1:4:4 vras suggested from the data of Milter and 
Stadtman (88) and from observations in other iron* 
sulfi d e containing fiavofrrotcins. This sue^rested Stoi- 
chiometry Is at some variance with the data of Trotta 
et al. (122). The Urge subunit of the ^ aerogen^9 
enzyme was associated with the flavin and the iron- 
^Inde (122). Flavin adrnine dinucleotide, not Ravin 
moncinudeotide, has been implicated aS the active 
species of flavin, b^t the data presented were consld- 
erod Inconclusive (SB). 

Many glutamine-dependcnt amidotransferasea, in- 
cluding glutamate synthase, l^drolyxc glutamine to 
glutamate and aovmonia without the tnxnsfer of the 
amide to the appropriate substrate. For a thorough 
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discussion of amidoCransEerases, ibe re&der should 
consult the excellent review of Buchajian (16) 
glutamiaasc activity of puHfied giuunnate syntb^ 
can be 10% of the glutamate syauietic activity (n £ 
coH and K, cjsrog^n^ (50, 75. 122). Two lines of evi- 
dence iodicate that the glutamiiuse :LCtivity is a 
property of the larger subunit. First, afimity labelixks 
feUcylation) with x^2-anuno^4K>xo-5<liloropQnutto^ 
aicid (chlox^ketone) binds the lar:gc si^ucit and ix^e> 
tivates both the glutaminasc and the glutaxnatc 
synthase activity C76, 122), Secodd, the lai^c subunit 
separated finom the small subunit* has the glucaminase 
activity (75). The glutaminasc activity is not a^cted 
by the removal of the flavin, a findiog chat impUes 
that the flavin is EK>t required for the binding of 
glutamine C75), Storage at high pH increases the 
glutaminase activity, a result that has been seen with 
another amidotransferase, carbamyl phosphate fivn. 
thcteise, and ha$ been talcen to imply that the 
glummina^c activity is evident only after the enzyme 
has sustained some form of damage (50. 135). Sei4ral 
researchers have commented on the uniqueness of 
glutEunate synthase because the glutamine-bindina 
subujQit is the larger of the two subunits. It should be 
noted that the 5i3Cc of the small subunit of glutamate 
synthase is not u nus u al for the Urge subunit of manv 
ami do transferases (16).llierefare« the large subuoic of 
glutamate synthase is atypically lai^e for the glitta- 
aune-binding subunit. This probably results from the 
(act (described below) that this subunit also pardei^ 
pates In electron transfitr, which is unusual for an 
amidocmnsferase. 

Olutamate synthase and other amidotraitefcrases 
can utilize a high level of ammonia in place of g)uta« 
roinfc a£ nitrogen donor.. The rate of the axnnwnia- 
dependent reaction depends on the organism that 
servesas the source of glutamate synthase; thera;loof 
tht: ammonia-dcpendeTU activity to the glutamine- 
dependeni activity is 10 and l^ when the enzyme is 
&om iC aerc»genes and £. co;£ respectively (50 122) 
-The ammonia-dependent activity Is a property of tlte 
small subunit by a number of criteria. First, a variety 
of treatments • that inactivate or damage the lar^ 
subunit have no effect on the ammonia-^MKmd^ 
activity. These meatmcnt* include alHylation by the 
glutamine analog, chloroketone, and remove ^ the 
flavin, the iron-sulAde, or both ft^om the large subunit 
(50. 75-77, 122), Second, the small subunit alooe can 
catalyze the ammonia-dependent reaction C7S\ It 
should be noted that the ammoaia-dependcnt nkc- 
tion is the same reaction as that catalyzed by filuta^ 
mate dehydrogeoase. The available evidence nt^ests 
tliat this activity is not the result of contaminaT^abv 
glutamate dehydiogennse, Fiist. Mantsala and Zalkin 
(77) were unable to detect glutamate dehydrogenase 
in their glutamate synthase preparation by a variety 
of iznmunologiGal methods. Second^ preincubation ot 
purified glutamate synthase at low pH stimulates the 
ammonia-dependent activity of glutamate synthase 
but destroys the activity of purified glutamate dchv. 
drogenasc (77). 

Miller and Stadtman (88) first proposed that the 
reaction catalyzed by glutamate synthase oc^ats In 
two steps: the reduction of the entyme-bound fUvlt^ 
by NA1>PH, followed by the reaction of the redix^ 
flavin with 2-kctoglutaratc and glutamtoe lo generate 



oxidized flavin and two ^utamates. this view has 
»jccn supported by all subsequent data. After the 
5?^cal (nonenzytnatic) reduction of the flavin by 
dithionatc. the flavin is reoxidized by the substrate 
g utamine and 2-ketoglutarate with the formation of 
glutamate (SO, 77, 88). The iron-sulfur cluster also 
r^f*?'^** be involved in the electron transCcr (unpub- 
Jjsned observaUon citpd in reference 107). As noted 
JJ=tore, removal of the flavin and iron docs not inhibit 
ttic ammot^-^icpendent reaction but does aboUsh ihc 
gufamine^dependent reaction (50, 76, 77), PUrthermow, 

reaction, the ctoctrona m 
^^?;^^^^^xtct^ to 24»toglutarate. whereas in the 
^^?7S^^^^^^ rcactiwi they are transferred to 
wat^(50). From these results, it has been conchided 
TOt the dectroa transport £6r the ammon'*a^d^[>«ideot 
reaction occura by a nonpbysiological route. 

'^^yc data have been obtained from the cniymes 
punfied from coii and octo^nMS, The ie;»8 for 
^utamu^ and NADPH ar« of the order of 230 to ^ 
2**and 2.2 to 12 yM, t^spectivety. There is a large 
fwrepancy in the Ai;,^ for 2^ketoglutarate; the £. coU 
has a low ^ about 5 >lM, whtroas the iC 

enzyme has a JC«t of 300 
1 manifestation of the difiereni-siaed 

^gesubumts fiomed by these baeteHa. The reader is 
™f^totherrfeiTOce$BarmorekiTO . 
and ^nzymological Inlbnnation (U, 76, 69, 107, 

^ fioUowing scheme for the over- 
MA^^il^^?^ synthase reaction can be proposed. 
N^PH biTwis the smaU subunit and ttanifers elec- 

u> ^ large subunit, which reduces the flavin. 
nltS.t^v?'^^^, ^ eubunii, and gluta. 

mj to binds the large subunit. The glutamine amide Is 
wansterred to 2-ketoglutaratc, and the reduced flavin 
^^^^ proposed iminoglutarate intcnacdiatc to 
gummate. Clearly, the loss of cither subunit by mu- 
wwn should result in the inability to catalyze the 
glutamate synthase reaction. 

rizaticMa of the genes coding for the sob- 
*St ir^™'^ synthase. TO^c mutations that rc- 
^ glutamate synthase have been 
pTS!??- ^ enteric species and are located at 

corresponding to 69 min on the B, coii 
^omosome (43. 46, 98). Only one locus has U»n 
tound for mutations that result in the loss of gluta- 
ma^ grnthase, ThU observation suggests that the 
^ subunits arc linked- This locus has 

wntified as specifying the structural genes in S. 
WtoTiuriwt (43). The locus fbr glutamate synthase 
nasoeen designated gto in earlier publications; how- 
ttr^'if^^y ^ designations and gltD have been 
^^7^^ ^ subunits, respective 

The two genes are part of one transcriptional unit 
«Jd consititute the g/cBD operon (49, 72. 73). Ttic 
fr^ J?^^ synthase genes were cloned from J5. coli, 
«ld the hybrid ColEl plasmid overproduced gluta- 
mate syntha« threefold (29), Using antiserum raised 
against purified glutamate synthase from B, coli. 
J-Oioya et al. (72) showed that this plasmid directed 
"^synthesis of both subunits of glutamate synthase, 
A deletion analysis of plasmid-bome glutamate 
syntnase aad the analysis of polar insertion mutaiiotis 
muicate that both subunits are translated from one 
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transcript aad that the lai^ge subunit is tnmscribed 
first (49, 73). The origiaal xnutaat strain of E, coli 
analysed by Beibcrich (8) failed to synthesize either 
subunit aod probably carries a polar mutation in ghB 
(72). MadoTuna et aX. (73) showed in 5. typhimurium 
that loss of only the large subunit is sufficient to cause 
the characteristic phenotype o^ghB mutzints. Further- 
more, a £2cB ^dlk strain of S. typhoruaium, which has the 
small subunit of £lutamace synthase but not the large 
subunit or glucamate dehydrogenase, requires giuta- 
mate for growth \73)« uicraurv, ucsfpiic ihc w»crv«Ltiw 
(hat the purified small subunit has gluramate dehydro> 
genas^oiod activity, thU activity does not ptx>vi<^ the 
intact cell with fi^utamate. 

ReC:ulatiOtt of glutamate synthase. The primazy 
torm of pe^jdation appcais to be repression by gluta- 
mate or activation by glutamate deprivadoo , althou^ 
very Little is known about the mechanism of regula- 
tion. Despite the important role of glutamate synthase 
in the assimilation of anmzonia during growtti in an 
ammonia-restricted mkcdium^ the level of glutamate 
synthase does - not correlate with the level of gluta- 
minc synthetase, the other cmymc required for am^ 
monia assimilation^ The level of glutamate synthase is 
generally highest In ammoma-contalnfng minimal 
medium. Restriction of ammonia availability results 
in no change in activity in c6li, slightly hif^^er 
activity in S. typ^i^uriufn, and slightly lower activity 
in JC aemgenes (12, 14. 88), lu air three bacterisu 
species^ glutamate synthase is repressed when the sole 
source of nitrogen is degraded to or provides gluta- 
mate; these nitrogen saurces are glutamate/arginlne, 
glutamine, hiscidine, and proline 14, S8, 109)1 

When ammocija is- added to these media, the gluta- 
mate synthase is not repressed (6, 12). The presence of 
ammonia causes repression of thelKtr systems that . 
degrade theise nitrogen sources, and the major source 
of nitrogen for glutamate is then ammonia. Aspartate* 
which is readily f^n<wTninat<>rf^- to glutamate, appar^ 
ently can rapidiy enters, typhimirium in the presence 
of ammonia bcxaose aspartate in the medium can 
repress glutamate synthase even in the presence of 
ammonia (12). Glutamate synthase in K cerogenes is 
also repressed \vhen histidine is the sole source of 
carbon and nitrogen; histidine is degraded to gluta- 
mate (6). It should be noted that this medium is 
considered tiitrogen rich and carbon poor. To summa- 
rize these obscrvaiions, there is no observation incon- 
sistent with the hypothesis that glutamate represses 
glutamate synthase. The lack of repression by some 
glutamate^produdng nitrogen sources in ammonia- 
containing medium results from the ^lure to form 
the eiuymes responsible for their degradation* Gluta- 
mate Synthase can be repressed in either nitrogen- 
limited or nitrogen-nch medium, an observation that 
implies that there is no relation of necessity betwieen 
the control of synthesis of glutamate sy otiose and 
that of glutamine synthetase. 

There have been a Erw observations that suggest 
that tRNAs may be Involved in glutamate synthase 
regulation. Lapoinie ei aL (69) showed that, in an £. 
co/i strain with a temperature-sensitive glutamyl- 
tRMA synthetase, the levels of glutamate synthase and 
glutamine synthetase were 10 times h*^er than those 
in the wild-type strain. The strains had been grown in 
broth medium, which is highly repressive for both 



enzymes (12). The elevated level of glutamine synthase 
could be the result of the elevated glutamate synthase 
levd, Whidl could deplete the intracellular glutamine. 
The elevated level of glutamate synth2ise may result 
froxf^ an increased level f uncharged glutamyl-tRNA, 
although no mechanism linking iRNA charging to 
glutamate synthase regulation nas been proposed. 
Rosenfeld and Brenchley (109) have shown tbat, in 
hisT strains of S. typfufTtuHum, wbich have an altered 
pseudouridine synthetase r»ulting In undcrmodiE- 
i:3LLiuu oT Lwo uridicscy in tuany MuvvuOn l00p> vf 
tRNA. the activity of ^utamate synthase is decreased 
twofold in glucose-ammonia (nitrogen-excess) and 
giucose-arginine (nitrogen-limiting) medium: howev- 
er, the glutamate synthase activity was not altered in 
a different nitrogen-limitiTVg medium. The XriiT strains 
do not have an observable deCect In ammonia assim- 
ilation and, in fact, grow ^ter on some nltrog^ 
sources. Considering the potential plelotropic nature 
of such mutartons which aCect macromol&cular syn> 
thesis and' which could result in the alterations of 
metabolic pools, it is difilmlt to make a strong case for 
the direct involvement of a glutamyl-tRNA in the 
regulation of glutamate synthase C24). 

Glutamate X>ehydrogemae 

Glutamate dehydrogenase is a completely dispens- 
able enzyme; a strain deficient tn glummatc dehydro- 

fenase has no observable growth phcnOtype (13, 123, 
29). Mutants with lesions In gkd .do XMit require 
glutamate if the ammonium ion concentration -in the 
medium is greater than about 1 mM; indlcatlngi that 
glutamate dehydrogenase can synthesize glutamate 
wbein provided with m i ffici i*n t a m monia (123). 

Glutamate dcbydrogcoase has been purified from E. 
coli and 5. typhimurium. The purifieid enzyme can tise 
KADPH, but not MADH, for , the reduction of . 2- 
ketoglutarate, an observation that suggests a blceyn- 
thettc function. The enzyme is a hexamer of identical 
subunits with a molecular weight of 300^000. The JC^ 
for amtnonia axkd 2-ketoglutarate are about t mM (27, 
28, 112. 130). 

Mutations resulting in the loss of glutamate dehy- 
drogenase have been mapped to a site located at 27 
min cm the E* coU and S. typhSmuritim chromosomes 
(6. 98, 1 10); in ^. typhmwprmmt this was shown to be 
the Locus for che structural gene (110). The gene for 
glutatnate dehydrogcnasie, v/hich has been designated 
gdh (or ^dhA), %4hD, and gfitA in £. coli, K osrogerUs, 
axid 5. typhinwriumt respective Ly, has been cloned 
from all three organisms (29, 79, 143). Tkkt sequence of 
the amino tcmmms of glutamate dehydr i^onase fii'om 
IC aerogen^s and the complete sequeoce orom the E. 
coU cnrymc have been determined (83, 89, 126. 127). 
There Is a high degree of homology between the 
glutamate dehydrogeruises £rom the enteric bacteria 
and. surpristngly, enzymes in Ngurospora crassa and 
Sacckaromyccs ccrevista^ (79, 87, 89, 127)* 

Knowledge of the start sites for transcription and 
the sequences for the promoters would be of interest 
because Che regulation of glutamate dehydrogenase 
dii^rs in enteric bacteria. However, promoters have 
not been identified beyond sequence homology to 
other promoters. The glutamate dehydrogenase actlv* 
ity is repressed in coH by the presence of glutamate 
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in th£ medhim: there is no control by the ayailabaity 
of ammonia in the tncdium (128)- R^^^ng ^ 
extent of the dwirging ci glutamyl-cRHAs dOM no« 
a&ct the level of glutamate dehydrog^M«, an otejw^^ 
vatlon that suggests xhat glutamyl-tRNAs do not play 
«i role in wpt^ioti (69). In SL a^rog^. growth in a 
nltrogeo-llmited medium represses glutsimate dchy- 
drog^iasc, cvcu when exogenous glutamate is not 
provided <12. 14). The intraccllularp^l of glutama^ 
U relatively invariant when cells of JC aerogenes aijs 
erown v/ilh an excess or limitiftg amount of amtnoto- 
um sulfate (64): therefore, the glutamate pool docs not 
regulate ghitamate dehydrogenase In JC aar^genes. In 
S. typhimwiWTt, glutamaie dehydrogenase is not rqg- 
ulated by the quality o£ Oie nitt2BBn source or the 
presence of exogenous gluiainaie; The cn^r regulation 
seen b v/hen cells are grown in rich broth medium or 

with a tjcUxture of amino adds (12). 

The inverse correlation between the degree oi 
nitrogen starvation and the level of glu^mate de- 
hydrogenase activity in K. a^rogems has been stud- 
led by Bender ct aU (6, 7). Certain mutations it^ S^ 
(£lnL4S) cakise const itutively high expression of gIrtA 
specifying glutamine b-ynihetase and gInC specity- 
Ing NRi and result in repression of glursjnate dehy- 
dl^gcnase, A strain with glnL4$ and zltB muiaUoas 
requires glutamaie for grbwth because ^uwmate 
synthase activity is deficient and glutamatc dehydro- 
genase is repressed. One class of rcvcrtant strains, 
selected for the abiUty to grow cm glucosc-ammoma, 
bad ftonreprcssible glutamatc dehydrogenase acUvipr_ 
but also failed Co produce histidase (an Ntr system) 
. during nittt>gen limitation (6, 7). A mutation in a 
previously unidentified gene, hoc (nitrogen assiflula- 
lory control), was identified as being xesponsible f«r 
diiS phenotype. It is possible that the mic gcrie prod- 
uct plays a role in the response of cotain getics to 
mtrogen limitation and that it spccificalty acts as a 
repressor &ihO, the structural gene tor glutamate 
dehy^ogetiase^ 

ASPARTATE 



Aspartate is synthesized as follows from ^aloace- 
tate by iransaminailon with glutamate as the amino 
donor: oxaloacetatc + i.-glutamate t-aspariate + 
2-kctoglutarate, ThU Is probably the umversal route 
of Its synthesis. ViriuaUy aU of the biochemical and 
genetic studies of aspartate biosynthesis have been 
made in E. coli; it would be surprising St Uic S>ti- 
thesis of aspartate differed substantially in 5- zyp/»- 
muKum. Aspartate synthesis has been reviewed most 
recently by Umbarger (125) and Reitier (102). 

Bacterial tcansami oases ^wctc first studied in £, cOli 
by Kudman and Meister (1 1 1). They found three gen- 
eral transaminases which could donate the amitw 
group of a variety of amino adds to 2-ketoglutarate to 
form glutamate. This is the reverse reaction of the 
transaminase In the growing ceU, Some researchers 
still assay transaminase In this reverse direction, 
which has caused confusion in the litaramre. Rudman 
and Meister (111) designated these activities transami- 
nase A for aspartate, tryptophan, tyrosine, and phen- 
ylalanine; transaminase B for leucine^ isoleucine, and 
valine: and transaminase C for the following reaction: 
L-vaUne + pyruvate 2-kctoJsovalciale + L-alanine. 



Subsequent woric has shown that transamln^ A la 
really two enzymes and that they aro the only two 
enzymes that synthesize aspartate. One enryme is the 
tnaior asparUte transaminase. It has a low Kp, tor 
oxaloacetate. 0-4 mM, and a high for the 2-fceto 
analogs of phenylalanine and tyrosine. The activity of 
this component of transaminase A is constituUve (26, 
52 gO). The second component of transammase A is 
tyrosine rcpressible andl^ a Iw K^^T die 2^to 
acid analogs of phenylalanine and tyrosine . The of 
ihc tyrosine-t«prcsslble component for ojwloacetaic is 
h^hTs mM (22, 23. 26. $0. 81, 1 16, 131). -Tlit predom- 
Inanl activity can be considered the h iggi-aB g^ty as- 
oarute transaminase, and the tyroslnc-reptessible et»- 
iyme can be considered the low-aflanity a^mrtaie tians- 
eiiinase. There is confusion in the Itierature m to the 
nomenclature of these etizraies- Wc suggest tt*^t jbe 
hidi-affinity enzyme be called transaminase Al and that 
the low-affinity etscyme be called transaminase A^. 

Both aspanaie transaminases have been pun&ed to 
homogeneity. Both are fl*™« ^^ith idenric^sub- 
units- the nralecular weights are a2XK)0 and 88/)00 £or 
the hi^ and low-affinity aspartate transaminas^, 
respectively (80, 81). The amino add s^uenc^ ™5 
aspartate transaminase Al from £. cdi B has been 
completely determined by Kotuio el al. (61). The 
subtmit is composed of i96 amino acids and hasa 
molecular wclghtcJ43^3, The E. coU ettzyme is 40% 
homologous to the pig he2«t isofl^yracs. 

There has been only, one genetic study of aspartate 
auxotrophy. A specific requirement for aspartate m 
iinraonia-containing minimal medium results from 
mutations in both aspC and tyrS, which cause the loss 
of transaminases Al and A2. The. double mutant re- 
quires aspartate and tyrosine for growth. A loot at the ^ 
nansaroinascs characterized by Rudman and Meister 
(111) wovdd suggest that a strain deficient in transr^ 
atniflase A would also require phenylalanine far. 
growth. However, transaminase B; the prodi^ of the 
ihE gene also participates in the synthesis of phenyl- ■ 
alanine t^elthcr an aspCryrS str^n aor an^o^C 
/yr^* snraln requires any amitK) add fcw growth, but 
the latter strain produces small colonics on minitnal 
medium agar plates. Thus, It may be thai the aspC 
gene product. The high-affinity aspartate transami- 
nase, is the ptidominant aspartate transaminase (52). 
Two groups have isolated mutants that have lost 
transaminase Al - The mutations result in the loss of a 
44,000-dahon polypepride, but the routatteiw were 
located at different pdsitiOBis on the £. coli chromo- 
some (5 78). Therefore, the structural gene tor the 
high-afifinity aspartate iransamhiaae ha* not yet been 
identified. It Is curious that aspartate cannot be syn* 
theslzed by a reversal of the Collowing rsacUon catftp 
lyzcd by aspartase: aspartate fumarate + ammo- 
nia- The reaction is readily reversible, is apparent 
from the fact that the commercial production of as- 
partate involves the addition of ftimarate and ammo- 
nia to immobUiard cells of B. cofi (145). However, an 
aspartate auxotroph is deficient in the two o mpo- 
nents of transaminase A, not in aspartase. Therefore, 
aspartate canoot be synthesized by a reversal of 
aspartase. Xt is possible that the Intracellular concen- 
tration of fumarate U too low for aspartate syndesis 
duritig growth in ammonia-containing minimal me- 
dium, unless fumarate is provided exogenously. 
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The rcspoi^c «r Bschendua eoH oeotnil cartxto m«iabo]i5)Di to gciictlc and enrlroiuMDUl uuittipulftUoQ has 
been studied by use of a recently developed metbodology For metabolic ftux ratio (METAFoR) analysis; this 
methodology COD also dirrcc^ meal active metaboltc pathv^aQrs. GcDcration or fluxomc ^atsk 9(miy$ by QIC Of 
the METAPoR approach fused tuA Kv«>-diinezisioTia} ^C-'H corrclAtion nuclcsr in9gl>«tic r««onati«* ftpoo- 
troscopy vitb l>acrlojtuU]ty Uhetod bidi7c«9¥ and. in contrAVt to ractdtolic finx 4mUystsi» does one require 
iDcawtiQents of oordcdliilair substrate and metabolite concentrationy* METAFoR ana^^xs offL coU «traios 
tbat modcratcb' ovcrexprc«s pho9ph«»(hictoydQ8mr p^Tayoie UaaxG, pynirata docorlKUivtas^ or al«ohol dehy- 
drogenaw «<v«kled Ouit onJty a few filux ration change In eonucrt with the ovempx«sslon ot tlic«Q vn^mes. 
DisnipCkm of both pyr uvat e Idiiasc isoen^^mes resolted In filtered Anx r&ties Car roactlOttS to&nccdng ibo 
phospbfienol pyruvate (PEP) and pyruvate pools but did nor siAnifacaiitly aher centra I nKtftboGj^ Thoso data 
indicate remarkable rohu*;tacs9 and i-igidiiy in central carbon mrt»boli5ni in tbe presence oTgcnctic vaHation. 
More significant physto)o|i:k)«1 <h»7ise« ai^ tiiix ratio difl4ir«ncc5 were seen in respon<;e to altmd environ- 
monxal ^ndltlonA. For example^ In ammonta-llmited chemotftat cultures, compared to glueoso-timited chemo- 
stat culnircft, a reduced traction of PCP moloculcs wov dertvcd tbrouKb at Itast Ode transkctolase reaction, and 
there was higher relative contribution ofanApltrotic PEP carboK^ndon rhnn of the trlaif^jcylie acid (TCA) 
cyscic for «^loacctate ^thesis. These tvro paramctenf also itbowed 8i|9illiCAat vurUitlon between aerobic and 
anacrobU: batch cultores. Blnalfy, two rcacti0799 cntabzcd by PET cartMVxyUnase and »alic enzyme were 
idcatiM by METAPoR aoaJTysi^ thc$c had previous!|y been con.sldcrcd ^btwnt In E. co/7 cvllt grown in 
glocuse-containinK media. Badewnrd flux froia the TCA to g^lycolyyU, indicated by 8i(:nlftcnnt activity 
of caitMnQ^lanasCy was foond ooly in E|ucose4inuted cbemojital cvlture, denKmstratSng that control of thi^ 
futOc q^de activity is relaxed ondcr severe glucose limitation. . 



Access to con^Hcte genome sequence infonnalion fnr a 
number of niicnxsr^anism^ now mativzofs the dcvelopmenl 
and application of cxpcrirocntol techniques for pbcnoiypc 
chaTacienzatron (SvCh as traDSeriptonic and proleomc analy- 
ses), providing armys otf data that can be directly mapped to 
correspondrn^ arrays of genes (14, 36).T]ie pbysioloeical coun- 
terpart to such composition aurays is the arrav of fluxes (reac- 
tion rales on a per-unit cell volume ot per-unit cell mass basis) 
for nil of the reactions That occur in ihc Oi]!«nbm, fbr which fve 
u:5e, b/ onalogyi the term nuxame. Approxinsoto flwiome ae- 
vcn for certain sublets oTmcubollsno can be auainedby tnctb- 
od5 of metabolic flujc Hnt^ysb, which requim daia on uptake 
and cfllux rates oX certain metaboIiteR outside tbe cell and 
which assume h eorrcspondjog neiwotlc of metabolic pathways 
in the cell (39>r Altcnuilively, by uso of more recently lotro- 
doced methodology based on {sutopie nnprintln^ of amino 
acids by their prcenrjcors, the aclrvc central carbon pathways 
and the ratios of their fluxes can be directly determined Irom 
two-dimcnsiooal (2D) nueJcar niafinetic re$ononcc (l^JMR) 
analysis of hydn>b«cd cell protcht (30-33). This method, for 
which we iniroduoc the term MCTAFoR (mciabolte fiux ratio) 
analy$i»» offers a relatively Iki^h throxighput access to theste key 
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Huxomc element?, enabling physiological data anoys to bo 
acquired over a broad range of aenetic ond cnvtmrniK^ntiJ 
condlUons, 

Spcdfically. METAFoR analyids qnantiriev the relative 
ubundance of intaa earijon bonds or^s^atbis ironi uniformly 
ifiotopicaliy labeled source molecules by Uise of protun^e* 
Icclcd 2D '^C-'H correlation NMR spectroscopy (COSY) (30- 
34> 42). Such 2D NMR analysis of amino aeids obtained from 
hydrolyiied cell protein pormiis quaniiiaiive analy^s. of the 
relative abundance of iniuet, contiguous fragmcntb* in Lbe pr^ 
eufsor meUboKtes of central meiaboli»n« bocatzss the carbon 
bddcbonc of these niolecu1e« is conserved In the umino acids. ' 
lyplcaUy, frneiional labeling of amino adds is achieved by 
growing cells with a mixture of lo 90% nan]rnl-&buntlancc 
glueos*: and H5 to 15% lU-'^QJgliKXWO (22. 27, 30-52, 34), 
Bccanse a)terruitivc pathways Icadir^ to eomtnon Intermedi- 
ates or produuis produce di^ercnt infact fragment originoLtlng 
firotn a sin^ glucose sourue jsolccuJo (3Q-32)« «fpccIAc muJli- 
plct patterns in the ^■''C fine xtniciores that reflect Iho in vivo 
iiwige or n^jtctions are generated. ProbubUUilc equations rchto 
ihc determined tntensiiics of the mtdtiplel cocnponenLs to the 
relative »bum)acice of Intact corbon fragments (30) ^nd thus 
allow dcrtvntion of hitntoolJular carbon Auk ratios (5(^^>, 
These doia provide not only oompruhorisive Insight Into 
cellulftr metabolism but alw Inherent flux indictttioD* thai 
vail piuvidu cHitcvI informarlon ^<if melaOoKC (ooi) nux 
analysis (37, 32)* 

The active pathways ^oul the flux dktribvtion in ocntml car- 
bon meinbl^lism are critical components of a mnltidhnensionAl 
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TABLE ]. £. coft* strains and pluvmi^b ukbU 



^Ciii) Or plufioud 



Rdcviml ctioracccnstics 



Source or refefcno; 



Sinins 
MC]6a5 
JM10I 

ATCC 1 130> 
KO20 



Plasmids 

pPFcc 
pFYKb& 



Pyru«yW kiiKii(wJt:riCiciir JMlOi (F5(fcyi:Jh<m^y*t»j<j<tf) 
Wf)d-iype B Mniin; protolTopb 

CrhanoS-produdos ATCC 1 1Xlt>. chfoxnosofnaj ineusrtioh of the p«r opcron 
. (pyruvate dettct»0)vJa»c aod uJcuhol cl<:favdnisc]»se ii) erf /fw^ffij Into flic 
pyruvate tmtinu^trafltf ficukc 

pTn^'A tksnvaiive Cur ezpTcaUfra of ihc antfidal £. Co!i pykF*pikA opeA>a 
pTvcA^a lierivaAjve tor otprvwuvn of the pQ^ruvsuo klnaw fhym BadOvs 



1 

25 

AmcricoD Type Cblcurc CoUcction 
33 
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physio>o«ical represents iton of ihe o7e«3nisrn» since this central 
b^urkhone of metaho)i$m pitnadcs cjicxgy> coCactor rcgcnero- 
licnv. and building h^ocks for bioma^ ti^thcsls And oontrob; the 
extent and naturt o£ byproduct csccrction* A vide nrroy of 
rcguJatofy rcsponscK ^ tmbctUkd m this network on «>c 
transcriptional level as wcD the proieJn IcvcL The purpose ol 
this Gomplu regulatory structure Ls not yci ruHy elucidated^ but 
the observed uisen!tiiiv{iy of growth nrcs and cxtrACOlUilar 
^tsxs to the Gve.roxpArssUin of k«y enzymes seggestii a Itomeo- 
static objectrvc or.ih6 reiguletoiy sysicrn (4,* S, 3S). 

In ihk smdy, we METAFoR cinalyslft to ocamloo. at the 
IcvcJ of flux iraliM and Operational patbwa^ how the ceotral 
coYbon physiolosy Ol £scherid}la coH responds to genetic and 
environraental nwuiipulution^* )a addition, we show *i he extent 
of vartAtioo in ihcsc facets of the central carbon network fitS3^ 
oroe m sevitral different standard Uit>or'atOiy strains. Thcso 
METAFoR data show in detail bow and tinder wHut condltfons 
ttic B. jDoti ccntml caibon metabolic oelwftrk^-mjridtains JBbuof, 
ratio homeostssls uid wtwn ^igniticant aUenit'runs arise In both 
adiw p;tlhw«^ and flux rtitioft. 

Matiouav^ aw methods 

In Tbble t. AU Imiuh ruIthnrSom >«ere pcftemcd wHli » maximal medhun 
ci><tciiMWiy 5 a «f (llwOtM por (ker, ^9 mM Nnj^tPO^ ^ loM KIUPO^ 10 mM 
KaQ, one JO coM (Nl Ul^fiO^ like fellowiRfi oomponcutt were AcriUzcd 9epa> 
f4icl¥ mid ihea bdded (per Uiikr of Qmil modhmi): J ml of t M M|:$Q«, i nd uf 
aj AM CaCts. 1 ml of 1 0\tf ef vltUttirt U, por Itlcr {IllUr AcrilBMl). taiid 10 ml 
gT trace dctneof aolutioe tttniiiiiibvy (por tool) p of OtO- * 1 1* of 

FcQ*. iki K ar MnOi - 4H3O, (^.i7 $ aouc or oiOi • 2hIcx ojk; j- 

ensure numz^n^iiQC Of 

piamiiA, amplctlUs &dM i» b Gifeii amccntratkin «r ^ rnt^jtcr. Tbc 
iBOdlum fod Into the £li<t^KMimItcd chcniostat bod cbc sunc MBtpuAjUon o» tho 
bouta BwJiwni, wi^i iKc toaowine ae^xtmn <pgr 1 iien; a of ftl Ufftno, ^.t g of 
Nb.HPO^ - 3J0 s of Kl i-TOfc 0.5 A or NaCl. and 1 g oT Nl LCX To «afoTCe 
nitraficn Umitaiz^ ibc coononrarion m £jiicnKB iww lft«n»sed to £4iier. and 
Ibc cmoenCretuA of (h£ ftOl^ tii|ro«n kounoo, NHaCL /cduscil to 0,7 gffiter. 
Cltcninxini m«d94 vMpfv scrDjzDd pv pia«ij*o ihruu^b a 0L2-fun'f»rfr4ac fdiu/, 
urul lO-fotd-dtluScO InNM «t«rooct sotutioQ ViiS wldcd after CUnnioo to pTcMu 
Uum vb pr«ctpluulon. 

Baicii and ctMmuMclos cvttlnUSovlS. AH U'ltdl* qultw^tt'iviv were pcrFwincd ax 
StrC. A9nibk boldi eulturea wen; (^uwn In I'liicr baBLctl jhsAoa Cxak» wHii ISO 
tol of JanJwrti On a ^ntoiy fthaker » 2110 rpm. AnncTobic tatdi cullfVatkm 
wcf« pcrfonoed ^eiUh nrf^r^culed ^» tUiete pnevlously flusbcJ with aud 
iocuhuxisa bi a svttOfy wvlcr btuil (G7ril>; Ko» UrumsrickX Cfatatiosuct 
openncd u J7V ia a U4lirr teMdwcop Cemumior (HiraeinccKos) *id) 3 
ih*o^u4; wttUimc of t<0 lUer aod o oocmuk f^orton mc (D) of 02 h * *. nksming 
(hat (bo (bed raid wiih 0^ Ittoc^ Tho vmriib); vobnnc wsa Irpi ootucoie by 
riMtOv^l oT clBuont erom the otnigr of (hp aritore volume by ur ^ w^t- 
cootroUcd (Vtiftip. pH of ctve euUure matntiUocd at 7^ autDmaiic 
atMiiion «r 2J) M NoOH wl|b u pH vomrollcr and vwt vi:rUViK« pcrMdiadly by 
vif-lint: ifU!»ottaurdfaL Th>t ai/How vns malntitbltfO fit t Mtv^Titun wUh Mllcr- 



dariUEed air liy uas nf «i vvtinn# now meier, and the &ifitiiiiun spuetl tvi» wa to 
t,2W} rni), 

tjilKiins tatpotmcntft wiib cticinoHaa wnt iti'd'cticil iia«r ihc cuUiim ap- 
peered to fctA m scstdy mfcr nrd bvin (i) ac iaiA fm: KiMum^ atotneca alter 
odjustmcas to okw c^^mSUqiis and ill) tabic optical iknMiy And ce^^D ddJ 
(sntion dkndc conccnuaiHMS ■» Ivrnienlor efflnCIU sin ^ ^ iwet WO 
^«htBK ebat^in, TN; feed ncdisro ooAtilnai^ X6 (or 45 dke NH* *4tnilH«d 
cxpcrimctn) s <^ tuthibcicO bWvc pcY liter Ivs iten A;plntf»U ^7 an fdenUeal 
mcdtvpi ronuimos 3-24 (410) i; of njtuoaeyc bbcicd by riiLtural attuiuibnog por 
Ktcr stod 036 ca45>»Qr|u>"CftJsJuw»e ("CL >WK b<Mt«clt) per Iker. Btormcfl 
snnptcs for METAFoR QAaK&a were taken after OAo vMume litanySi M tbtit 
63% of Uomw was rracTwiidl^' bbdej aeeonflne 10 tho flnocrdcr without 
IdnGitcs that tbOow frorti &±ikuiiin^ \hsA tbe biareaeior eootuiK» orv wdl utod 
Botch cmM-t* lAerc e>^» eoiir^ in mAdJa mppfemeaied whh 4J s ot^pcoM 
Gommiuiis '"^ ai naiural abundnnoe per liier and QL9 9 of It^^C^lstacMu ncK 
liivr. Tk<»use the pereoRto^ of Dslnhglod bSomw orffiiouxios mm iIk iDoca- 
lum Wkd KwD Tiekjw 19^ In die batcb cidums^ unlpibcled b1cM»;» wu st4vc- 
qo«ntty nexlectcd M tbc muitapnE of the "Ctabdmi; paitcra;^ 

A*ofytZcftI oroecdurctf. Cell ipVMth during (be cuhivaooiti wu mpniiovod by 
mcaAiiin£ the a^Aicai t!cicaty (i{ «00 nm ^O,^ For cvlMar djy wci^hc fcdw) 

OEtcnnlti;ilj(ni fat KlucCcd a knO^O VUlURtf Of fl*nOeiUAU0O bTOth Vt^ 

onn >ith ivaior. and dried ui HITC tor 24 b 10 u coram «vl{;hi. Soinpleo tW 
isoRictrtlutbr ORstaboltte ana^ worn cafttrU^^i^d (ior I mo M mn^inum ^iced 
in bb Eppendoff cabtdt«ip oantrffU^o to rcina¥B tbv ceUr, Clncofv jud ctlcmoi 
cuneeatraiSons were dctujtabied cAs^mtide&ll^ tSjwcknm uppaxacid; 
Beetemod) wiUi hh% auppRed b? the ntanuCwttm. Ao^taze (ttad ahuodt^ io 
toteewd oasciO ^ mcauifvd &aa c»inonuito&«phv (»JWE dnnBacasrarlq 
Howtcu-PDCkard) with o Carbowvx MJMP eoluma (Madicrcy-r^sipH) and bu- 
tyyatb as an Inmial jitniidsrd, CoocoomtmA^ of Oi^po jixid cmboB cEonW Id 
ib« feed medltini and off^ of hlonmaor fefmeetaiiom «cr« itetenmned K-nfa 
6 masfc spL-etromder (Prima GOO; Fisam lmiffvsfem»)* 

DecmioadiM of pbyslalo(cie&) pommutm (n bfUcti culturos, Iho^stpommiwl 
Fn>*di pho^ was idontifkd ty te^loirar fcgxtnkm of hhmw» oBoouiouiOa 
vciaiK LiiM, wirh pwih nto 00 w Um ra^m»}on oo<4rtfi'«.'»>t. 'J-bc: biofnass vkU 
Oh tho ahtauo (Km) wrin dutemtlood a? vIk LoeiAvKiiu ofu Rneu- RsfBfc«vn of 
bonsam oonoefltroilon (X') vemiy mboitratc eoaecAirjiiun {S) durii^ tfac <zy»- 
CMMltial srowth pihmee, A pFcdcurrorincd cvrrvtatlon fsctor iOOut*. <03) «ru uwd 
toromAefTttheOtXikfViducsi intoc<n ffff ifrtr ff Bl mdai^ t?f tpgctfit 

«t«nvfKlvn nitc». Thr specific oKovinpitoci nw l»r a laihiorAio Uf^)^ 0^ sSuoubh: 
B&d pj-^diifiiKsi m the diffttenlisi eTanKP In 6' with dfOC <t) OOrmul&vd to die 
tuonuBS CDoccfU/atioo— wail eibediwd as \he eot'dWkav ef a linear ntrcfa^ of 
A5(duiiai»afeta5j veriusjrdhfidtadhyii>oneKbost>ordicTetatici«hip - 
•^12 ^ ^ " ^fMf^**^' Mrae rciaiionxh'^ holdi for ibu tpcaBc rate of 
fornuuloa of prodtteu <0, cs*, aeciatc and CCV Thu rolaikMtsiup li limnn- 
provMed that ik and v« urv ennMara In a aead^voz^ cbemostitt, b coottmi 
Biid equate in tiquchciUturcs. maxnuoni i*. war QooKanl dursu; ihc eiqiKVKDtbt 
(TDwdi phiaM. taiid uti Hportlic rat^ Swi tmatb opcrimons AtyiAtw*] bor«- roier 
(o (he exponential pboft:. 

In elumgsuil odCanffL D and thti& }», arc coDstant; Iberv^COie, Ihr contmnpliDe 
iind producliOD caicqi vine dctonriined from the di0crencoK*nA^ fori* la tbc 
Aftcd medium (or tti'O »aJ ^ or P io the cfSucm (or off gas). The fCtalloniAt|p 
Qm ^ ^ ^ <QT P) (AEA*) nomuOlEed ft>e«c uitai tu Ihe sitad^^slhtc cckicci*. 

NMft £aotplo pnparmlaa. For network lopolosjr ud (lux ^ai^u miahou by 
WMK. a #pecifted aruouni of crdtpro was harmwd ami cells M.*rc eentfifiVwi oi 
X If fur lU tnlft hi 4*C Thw cull peOoi m wadicd oo« friih 2u eiM 
Trt<-Ha 7^) and oanoffujecd upitn, W^ed pelletK fiu«n vhcroonat nd- 
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\vm VOTQ newi/Kixttfd fn ihc abowc bullcr. and tuXts were <{aniiiicd jeftiifi:i> 
ibKk <m ioe mrvc timd l^r -ai a limc m 3n7b Ouipvi iXUSslCU tonlcfllttn 
Hcrt SvTtcim), Ccn debfh was ccjbck^ tqf ccm^ifi«9Ckd fw 20 in!A ut Q^ltt) X 
£. SouicMiaa wKi amirif^gMitin were mptftUod unltl ccH wun vfnvaHty ccm- 
plcic. fcs deCeunlacd hy i'iMiM inJEpcMkiik u iPtfir(»iA>pu. SmaU Ji^m fun*- 
di^i yrMfc fiOMMtid liy vltntc&nrrtfbjpitton for 90 min «t JJyO OO x Ccllnlar 
pfdehi to the mqttnumml iwrtpfv<y&;ncd g tc uw e U ^ — 2rrC»ftcrihc5KWUiwi 
009» (v9lMM) cchADoL Tbc prc^pictle vtas^ muipcskded in 6 Dd of (f M Kd 
oiW hydfobocd tiy too^feiUon m waic«] pvtc^ ipt>o 2^ b 61 [ IQTC The 

tbit^ niitfcisil dwAfcd m 600 tjJ of 30 mM deuterium dUoride (DO) In 
DLp^iTKiib3tcdfar2btii room leoiponrfitrc. vcniriftt^ei^AndtUfkid brtheNMR 

6M Ha HAd twdratyxcd 

KMR 3pr<irvwoBgr umi dam bu^yslf. ProtOfr^iectod SO ^^'M bvlciU- 
iiudcar siiisJc-c^uaniutii COSY vbm$ perfbmed whh the piUse sequeaee of 
OoOenhawcn uod Ruben l3>» wb»di cofiuic^ dial ' H>"C ttalnr tfiuptinp do nvt 
affect the '-^-■•K: aguiut euu^iti^ ftnc uraetan »tone the flhemlnl shift 
pi^). Pubcd'frald ^ittc&'itts wofv U»t6 for ca)iaTv**<X pcaKwo^ n^cctkm (~ 
und u 3*tm jf^ihHAdt pu^w (24) wiw used to purge the ma^^otteuien feftaJni; Crom 
^^bcund pntoas und ibc cvsvliuil 'HCM ^^pqI. "C Ucc9vir)ine dmiirs data 
tctfaUilon MM Bct)lev»d by of Uw oorapo«cc pubte d^npUn^ 
GARF (2l!>, and quadruo^ dcwefan in «i »^ accpmpitsehcd ^ith Stats»-TPPl 
(ia)*77w*peutrev0fa recordfidoto 'Hxt^oKKMc frequency of 500 MHxby 
oP « BruJcor DRX500 «(nxu<tnmAvr, the Knpplc tcin;v;<«UuTr «nr4trc. For each 
yaionfi;. cvp iqTcaqi v^re nKosorcdt one spccrruin tor Oic aliDhaiie rcso«Umc6x 
with the "C eonier Met id 423 ppta nsbLinc lO XlHtinMtil^*3t«ilapeataa^5- 
sullhaaic xnaimn suti. anil ootf «ptfcuvfD tof ih« Momaik PWOBhnow, wilh die 
^uania-s!] to pptti. Tbc Spectra of (ho QUpbttUoMSOftaneiaicvcn: touted 
oloap widi u iMfv^ wriddi 0^ ppm, llio nwaivrwnem (Imo tl 

p» Api&tfuDi {t,7nA St ciMvplcx pvfaitr. t, . 4031 iw; /.^p-,, 100 msi; T*:la.<£^ 
nUon ddny beiwcwi Kan& 3 a). Tbc fpcarsi nrovmiic roonwioas^ ««re 

leoMdod lA Qbodi 1^ b (Mai X $12 cocppjcx points: /i^i^w ovt: R7 ub;^ 
roloxnllon ddpy bctwoeo wrtfi, 1 s). BcTon: HautIct tfacnffftrmrilton the 
prQ$jam PftO&;^ (12), the time dummn dota were innh^ied in r, knd tnth 
n'me-hcQ window >^tod by (5)- Tbc dagdsd ccmluikm^ afusr ivco III were 
1.0 Hz^kobU ftlon£ i0| tuui 2j» Ib/putnl oIc^k Ihv sccwd frequency axa «^ 16^ 
KpuCtru of tbc al^hitf ic TVMpvKO and 0.6 Hx/^nt akslg w,.:ind itj^poinT 
■nU>n{ tt. for ^«eirD of the tUttntaLu: naOsumccK. Onc^imciisianiil *H NMR 
*^cett& itmmm 1'0Z2 K I0<! rclffxntson dcby bctKMc^ scans) were n?ciml^ tv 
dcmrmbvff the OwrsU diogree of *^ labdinf: in cfce anuno acidhc frara the 5bt«i- 
Dtcs 0( botBicd proton .wtrtch vorrcspoiub Co ia the pcobaKlbalc 

vqwitlurn SmcRiM C30). 

cipial InlvrniKiUiit^ |Ual lltd^ t^PU^I uitiun mcmlwdhna iv amino ilCKI trfO^TH 

d*Q«U wp« dfltormiocd frooi ibu.lni«iBJiW9'o( the tncfi^Hdu^J.midtiplet coiiip^ 
ecms ut iltc "C-^ scalar couptin^ fine simatuct (2f>, jU)). ^)ux r;ilio» throuj^ 
acvcT^ Ir7 pathncsyjc in ocjural mcxabrAtofi wory Xbim cutoilabxl tiwa ttvo 4buft- 
dBDoe of tbc frqftmciiu ic» ae«enbcd previot^ pt, 32). 

UkKfavtraml raulhm master •vtwurt ef R ««Ur A* NTi Inltfa) Stop 
METAFoR ufuit>;Ai& a bklL'hvmkttl ITWUor network thbl eooiprUtt oU currcnttr 

undor InvearttftaUofi fi oOnttiracHMl (30V ^ £ cvff» tbs nctwock (F^. J) ws» 
OMTpUcd fiom tortboolo (U. 30) And liitcroei-aQo«UbtE tnciaboPc datateocS 
(16)* lD8poCtton of obacAOl an^a dtvbm [u^(:n>cQl> in the armno acids £iih$«> 
qvcMfy httotiM iUcutiiiotioa of octKx btosymhfik p&itrw»y:i (X7, 30-^3^ Sudi 
imalyj^s cimnot disuce»iidt bciwn^ 

^ffiia t^^xuv or ^fiv the Encner ^!>i>ud6rt>lf poibway, ttinoo tbo» pathwtiyti gco- 
cnKo ft^t&rpcat phxaYAs mr hvfhiingfsbihMc from tbO£6 coicr]^ /rmn |hr 
i4ytM(y«n( bmI pcnUw phtTsplintr (PfO p oi fawmrn, rcajvafvo^ (30). Becbtiae the 
nu)tf>;i^jftyou) t^pM* ibc Camcr-X^osdoroflr pubiMy wun: reported to be 
»mictivu fur C* cofiotSUffvam widi £}ucoft; O tivcy were oot coasid^ red 'm dte 
prosendy wod ovv<m^ 



RESULTS 

AnoljpHjs of gliMTOM:- oad amoAoxiSo-limitod ^hoitiovtat <til- 
tures offrild-type^. coH MGlCSS* Cottiinuous cuUivttdon wait 
perfonncd with aerobic cb^nrtosift<i( ul a D (volufRClric flow 
rpUAvvriunc volume) of Q.2 h~ ' under glucose^ or ammoniu- 
limilcd conaJiionSv repre^niing (wo Ini^Iy diffefeAi biocncr- 
SClic regimenal. CartetKnifftdcnt (jjc^ ammoni^-ttmiicU) cul« 
turcs are known to cjchJbU metabolic behavior ibal diffcis Crom 
rhnt or cnrtK^n-limiicd cultur«$ wiifa respect to specific sub- 
ooiuAnnption rate, mainlcoancc rcqutrcmonts. and by- 
product sccrctinn (21). This fact is rcflcacil by the physEolc^* 
icAl data from ihc cultures dc3;ciiDed here (Ti^lc 2), When the 
aniinoniy-Jmiitcd and the gluCWc-limUcd COltUTM Wtirts com- 



pared, matlccU tncrvara were found in thtr epccific ^ucose 
oonmimpiion rate and in the xpcciAc mtes of pruduciinn 
of acetate and pyruvate, white the specific o^^rgcn con&unipUcm 
rate and CXX cvutuiion rutc varied Jinle tetween iho tw 
ditrerent coruulCon:;; these results tedlcaoed that there iire only 
minor changes Is rcKplratory mei&holisrtt. The low steac^-Atote 
btomass corwantratian in the oniinonla-ITmited oiltorc r«u!lS 
fVom the low nmrnonia wnwniratioo used (13,1 mM). The 
residua} glucose concentration In this culture wa^f slighdy above 
1 g/llter. 

For both cnlturos. the MIETAFoR dnta show evidcoo^ or two 
reactions that are scncrull^ com^dcrod to l>e Inactive in B, coii 
^t^own in Kluco«c-contatii)Rg mcdin (Fi^. 2). Thcw ere the 
^cuncogcntc conversion of oxaloaoelnm (OAA) to phoi^ 
phocnolpyravate (PHP) (Fig. 2GX cntalyxcd hy the PEP car- 
baacytdDDfie (IQ, XI), and the conversion of nialate (MAL) to 
pyruvate (PYR) (Fig. 2H and I) through the malic enzyme. 
Malic «n3cyme is normaity required for growth on foar-cart>on 
cornpound^ (11). Although the detected ilux ratio of the taiier 
rcBcdon to all other reactions gcncrettng PYR b small, these 
datvutUiuuatif that ih* m setK-sV « M^cisirtii la ^^.\,rzX 
iDctaboIlsm doest not neccsiMTily follow rtratshtforward on-ofl 
paradigms (11| 20), 

Cells harvested from the HTDTnonia-lbnitcd euHure clearly 
6hw.*cd s fit2Somc pattern -dtSbrcn^AYnTrt hat -oT ^cH* frcMa-Utc 
gluoose-lifnited culture (Fig, 2). (i> Nearly double tbc fraction 
of OAA molecules was fotmd to be derived Troni PEP (F^ 
2F)« demoicurating an increased oohirihuiion from the anaple- 
roUc PEP ca/^>oxytas;c reaction (9) and a corrcspouding de- 
ciea^ in MAL dcbydrogcmse aeiivity, TTiis ehaplcroilc inac- 
tion tiynihesizcs the OAA that i» roqutml to roptenL^ \ht pool 
of tricarboxylic acid (TCa) cycle iqlCTracdlates, and its relative 
contribution ihcrcfore reflects the tsxccnt 10 which the TCA 
cycle Is used for the bkvvyn(he$b of blonant components rcU 
Mivc jo.itnAcsy.c<^^<^tinn..(vU> .fi(>ddrtthei^.^Ko(pbej2d«Uou).. 
(11^ (u) A ehXjEASc'iii therfiaecKjur of'reP vn^h^cules oti^* 
naiing from OAA wait obwrvcd (Fig. 2C)j providing evidence 
of rcdMced fluxes ihroueb the gkicooeosenic PEP corboxyVt- 
noxe. (iii) An incjtsase m the jfractioo of VYK derived from 
MAL w^ delected (Fig. 2H), indicating increased fluiscs 
through the roulic enzyme. Qv) A 50% reduction Jn the fr^cUon 
ot yat* molcvulc:) that were derived khrou{^ at least one trnns^ 
ketolase r«»ctioD was; rcgL<nored (Fig. TB), This decrease would 
be consistent with an Increased contribution from iheglyoolytic 
putbway relative to the PP puthwayr suggesting (hat the higher 
cataboUc fltxxcs in the animoDia<<4imited cuUinc were rn^mly 
suppened by ^lycolysa. (v) Lo^ than 100% of the acetyl ot>" 
enzyme A (ACoA) molecules were (uund to originate from 
PYR {Vi^ 2J). This reniH can be c^cplafncd by a dilution of the 
intracellular ACoA pool via cxcfaans<= ^'^th the lar^c, nv>st>y 
unlabeled extroeeltular acctuce pool thai was detected in the 
ammonta-timited culture but not in the$hjict>:»e-]'(iDitcd culture 
(Table 2). This resuli provides dtnsd evidence for the presence 
of exchange fltoocs between eKUttcenulnr and intracellular ue- 
ctaUs pooljf as well m foi Uic ix=vciaJ'aithy aTifie reactions 
connectiag ACoA to acvlate. 

Ana^is fif wild^type batch cnlnuvs harvested at dStferrol 
gnnvth ph^*5« ChcmoAat e)qpcHment5 «rc ihc mof;t suiiahlc 
method of ^inutyzlng celts uodor stea^y^estate onndiltonsu On 
the oilier hand» a phyniological steady acate ift al$u attained 
during il^c csqponential t^ruwth phoxe In bAlch cultures, which 
arc efiuractcri»ed by onnsttricted growth at the irmximum spc- 
dfle rate possible under the applied uuDditions. Because batch 
cultures enhblc more etttcient parallel analysis of dUTcrcni 
Strttlna, wc adapted batch eujlivalions for MXTTAFoR analysis 
of genetic elTecta on central carhrui inet<ibulbnn. 
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no. I. Saoebemkal nvstor notwoifc wUh mcttou fat if kmi i ficd ismc^ or votytat ta^MHa ki cu^. Tiw (DTPTmsUoD wai compned frnm cbo EeoCve doidbiase 
(17) wrf oUwrwwrew til, JOV Tbc KiicUwt kco or g^ycolyss. tbc jnibway, TC/V er«>0 (inelBdlne tbo sVoiQAda 9hmt), ood C, ttX t aheflbtm shaded, ud 
caaffpa mriwtot key rcattfaro bpc bidieoted in italka.Tbg hatAgd w(w Mghlighg the TCA cittto.ffcphn>bi>ifaip Kanplncifa eeaetiao, and Hn^^.n 
ibc nnoBvoMe pgfTWftto fomuto^yasc. wlocfa b inicnvpud fo ctraio K02CI. Tlio srcy anowK IfKUcato the KMCtoas cfixajyicd 17 the ca^mea eocodcd on the Mt aseraa 
cf Z mobOIt, The Intact eaiten fragtocnt pattena of boated dMCabeliici wunp dlfoo^ dotdmtoo^ by l^CH COSY of pnHcineectuc amoo acids. AbbruvSaiAuc TO; 
fnicv»tc^-6>pho«pfa3<v; RbSP. ribulease^S-phmp h - rt r; X5IP^»hdos«-5-pboj[phata! B4f , ayCvan^-phosphstc: S7P. scdufaeptnlQee-7-pbdf^klatct POa, >phosphO£lyeei>* 
uci SER: serine: GLY, {rijrdne; AAD» Met&idchyde; CtlV diitdc; ICT, bootroit? OGA. oxti£^^ COXi^l^osgrte; and dd^dropmmo. 



The uodcrlyi'ng principle of METAFoR wsiyxis i$ the cm- 
printin^i of central caibO'n aciwork bistory intn ccn protein. 
Thb noUon tmpU«» Uiau rn a itansicnt iiituaticm such -as a batch 
catcSvailon, MFTAFi^R results pnivide a Umc avcru^ over the 
Interval of t$otopic iabcUng or the biomass. To ralnlmlzc 
changes tf> oontrsJ carbon metab oliym during ibc Idboliikg po- 
riod amj lo undertake the MCTaFoK analy&is over a r&n^ of 



doscty rdated phy^iotogical states, batch cultivaUojts won^ im- 
riated with miU-cxponcotbl-phasc culturcK at a low inoculum 
dOASity lhan 1% the Tinal cultarc volume) in nscdium 
oontainiDK 90% natural-abundance glucose and lfySS> 
(U-^^C^lslticotic. One Hei of experiments \iras ondcrtaJcen (o 
u^KFCSS the ^nsiiiv'ity ul METAFoR re&uUs to ihc sampling 
tine of tbc labeled culture These experimcnu aLto fnd jcatc 
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the extent to which ftij^ifiC^tnt ch^.ncrcx in ccnimi mrtah^iMn 
ooouT b«tw«c;; dsfTcTc^i su^.pItt.^ tinUs. 

ThrtMs batch culLlvatloTis of wild-Type E. coli B siraln aTCC 
11303 wefc initialed m poraJlcl rmd haivodfrd in mid- 
exponcKUi;^! phase, lacc cxpoiicmifil pha», diid slalion»iy 
phase (ODa»r^ 1. 2.6. and 4. respectively) (Fig. 3). METAFoK 
£ti\a{ysis mUicdics csccrcxnciy aimiUxf Bux ratio hlHloHc? X6r ^1 
three ^Tti^cs^ demonstniing that batch cattivations pjuvtdc 
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PIC 3. Growth off, aTCC 11309 io oeioble hmch cultum. 7%o 
FcproeiKs the best fit Co dm ocponcntal grwtti phftco duo, bnd iho uttowv 
inctic^ Kkt liata of bjoOkktt «'***^''^ for ihu KII!TAPoR an&tysb. 



gro^vtn pnniw. ^n^^t lrc]i(&» in some oT the muIis, most ndtolijy 
in lh« fraction of OAA molecules derived JTrom FEP» indicxtc 
adJoAtmeiiu in ccninkl mcta^Usro that occur :ts the culture 
appnxsdics and enters xtalionaiy phase. Overall, howevtfr, the 
present data indicate that time of harvest is oot vt critical 
paraineier in the cxpcrimcnis tised for this slwly. Tlicrefofe, in 
later expcrimcnta, aU cul lures were harvested at OD4.r-Ji.iK> 
TwecA 0-9 and 1.2. 

Analysis <tf aerobic batch cultures ofwOd-iypc and matant 
IL cole ^tntiBs daring cxpouential £roiivth. Two oonunonty used 
but ^cticatiy difier^m K coli strains, JMIO) (a K-32 strain) 
and ATCC 113Q3 (a B straia), were growD in shake flask 
cultures under aerobe conditions Cor direct compairtoo of 
their carbon Okctabolism. Allhou^^ ATCC 11303 some- 
what laster (T^bl6 4). the Ruxcsme data for the lwo .wlld«€ype 
sm\n$ were almost idenileal 4)« susgc»!n$ that ccntrat 
mcubolUm k very sinular jo the two & £oJ! strains. There 
wcro, however, sinaU ebange$ in tbc origins of metabulhcs 
invotved in the nonoxidaiivc part of the PP pathway, from 
nlK>se-5-phcisphate (RSI*) to tric»t>3-phosphaie (TTgF) (Fig. 
4Bs C and E). iodicating' that aTOC 11303 cells exhibit a 
higher degree of cscchange through tratiskciolafte II, 

In additional exped/ncnts. we fitxidied the c&ccs arJsinjt 
(rom knockout mutntirtiis whUAi ibacdvatc key central mclab- 
oUsm ena^cs for each of tbc two wild-type strains. Pyriivate 
kmase-dcJictcnt PBa5, which oihcrwUe i&Oj^ertH; wiib JMlOlp 
aaoally grew faster than its parent but exhibited sctmilar bto* 
tnass yield and specific gluoosc conmmpiion rate (Table 4). 
Whilo the overall METAFoR puticms were rather similar. 
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TABU£ X Orifhi uf intcnnediatsss laRcoJi ATCC 1 iSa^ 
hiirvcncd during <U&rcnf ^ mwih phases from tfau cuUuraf &h(ywD in 
Hg.r 
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'TtkO d&(A vwo derived (kom n *^<H 0(»nr :^'ctniin ccnt«re<l.on the 
aU|)Uui]c rvRkui; ihanitlirB* nomr dan for ihe PP pui)nv^v vbal sav Accessible otUy 
t1irou£h 0;ythro*c-4-phO3iphato tooorpomtcd ia tbc iiromatio rUi^ vf Trp or Phc 
ocmkl noi pB <l<W*TTTitffcd. See the tea and the teeeoA to Fig- 1 Cor ubb/vviailons. 



inactivation oJC boih pyruvate - kinase tsocnzynics rcsuUcd in 
stgnificaAt Changes a\ the branch -pouit£ between glycolysis and 
tlie TCA cycle (F^ 4). SpcdteiJiy^ wc found a higher fraction 
Of OAA from PEP (Fig. 4F) and P YR fromMAL (Rg. 4K and 
I) m ihc mutant, ApparcDtEy» tbc carbon. flux from P^P loPYR 
c; rrdisiribqtod from pyruvate k]na.^e to nnapleroiic Pl£3P <ttr- 
boxyUisc and the mal^ crc^mc. allnwltig •-PB25 lo ^ncr^tc 
sufTicicnr pyruvate for fiieli/\o the TCA. cyde via- ACoA io 
gcncTuic CTicc;gy (Fig. 1). Thesft loc&t chnngt»» provide evidence 
thai considcrnbic ficxlbility in £L c«nir<al e^ri^o mct^^ 
lism pcnntu the Mse of alternative path<tv:^ to compensate for 
koocXout motationa. 

Ethanol-producin^ E. wE K02Q b derived from ATCC 
11303 and is characterized by » single dmuttosomaJ Insertioft 
of the artificial pa Opeituu 'which encodes ih^ ZyAtomotm 
tnokitii £cncs for nlcobol dchydroj^cnase n and pynn^ie dc- 
cnt^>oxyli)5e, such that it disrupu the pyruv^iie ronnaic-kyaitc 
eene (23). This strala grew Caller and consumed glucose at a 
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h^ber specific rate than hoth wild-type $lrahi3 (Table 4). Al- 
thoo^h it primanTy exhibited axidaiivc mctabolhm, U gener- 
a(ed 50^ more clhanol than did its parenL De^ite these 
ecnetic and physiolo^cal differences, the MCTAPoR pattern 
of KO20 was, within C3qx:rimcnta] error, idcalica] to that of 
ATCX; 11303 (F^. 4). 

Carbon mftaboBsni dnrioR cxpoaential (rowtb in acfvtric 
batch cultures ef £, coU « trains ta^ineeaned for cthanel pn>« 
ducikm. Wc chnse eihanof-producinic E. coU KO20 (23) ajt the 
host for a Mfie$ oTpUismids used for the cxpitsKioa of bomol- 
Ofious and heterologuus pyruvate khta.^q and phospbarn]0< 
(u]dn&scs (5). The o^cMlon oftvoth £one4 was induced by ti6C 
of isopropyJ'^-D-thiosalaetopyranOMdc (I?TG) (aoi mM), 
Jcadlng to \n vitro activities* two- to ninefold above the control 
kvel, which was represented by the empty exprosaion vector 
pTrcS^a (Pbannada). In terras of theb growth p)iyitioIcgy» all 
strains showed simihir behaviors under aerobic conditiona la 
batch cultures (Table 4). However, by-product formation was 
altered in the overexprcsston strains, with KO20::p>PPte $ef>- 
cratins mo^c aoclale and KQ20--pPYkbs generating more clh- 
anol ihan KO20, Again, the METAFoR patieros ofali strains 
deriwd from ATCC 11303 were IdenticaC wiLliln expenmcntat 
error, u> iho»c of KO20 tn Fig. 4 (data not ;thowT^), Thtu^ 
<»(preoioa of the per operon, joedium-^opy-aumbcr plaankl 
Tniifmenattee, and the avc(tt?qpreR<Uon of eilhcr a hetcirolo^ouft 
pyruvHie tdnase or Oic hontoksgous phO:q>hoiractokina^ do 
not appear to have a pronounced innuencc uq the flux ratios 
acoessihic by current METAFoR anatysis. 

Analysis of anaerobic batcb cultims of wUd-type and ora- 
tant E. cod strains during cxp^edtial growth. The physiolog- 
ical diSarencas amon^ the vvild-typc and mutant ecB lUraina 
under anaerobie oondilions were Uvt:^r iban those oUcivcd Jo 
acrobiosis (TaWe 5). The two wild-type «irain$, JMiOl and 
ATCC t)303v showed significant dliTerenect; with respect to 
glucose eon:Amip(ion as well ax acetate producdon ratcj^ both 
or which were hi^r in Al^CC 11303. Aocordrn^, the appar- 
ent biomass yield was lower in thiy stiuin. Wmie pyruvDie 
kinase-dcfidenc PB2S grew slower than f(s parent, JM im» eih- 
anol-pTodudng KO20 grew rasic»t of all the Ktrahi$ htvestf- 
gniud. Althoagh the speeific gjqouse cocusamption ralca of 
JMlOl and PB25 Vk^re identical, the latter was »cvcreiy im- 
paired in its at>nitj to Cunn the normal anaenibic end products 
ctbanol and acetate. On the other hand, KO20 produced about 
fivefold more eihanol than any other strain azid cxhlbUcd a 
higher £luco^ eonstitnption rate and a lower bioma.nA yleJd on 
glu cose thun its parent, ATCC 11303. 

METAFoR aaalvvis oC the anaerobic cultures shown in Ta- 
ble 5 showed thai OAA originated almost entirely tnm PBP 
via the anapIeroUe reaction (Fig. 5F). illustrating the almost 
total absence of complete TCA cycle operation. Tbis result 
concurs with thu results of a recent stu^ and Is consistent 
Nviib earlier oonelufilonR based on cnamc ociKity daw, whidi 
hidicaicd that, under anaerobic conditiona, a br,)nched, noi^' 
cyclic TCA cycle pnthwio' operates mainly to fulfill bioiynihoiic 
roqulremenu (35), Because tbc fragments needed fiar tracing 
the aeth/itiua of raaJic enzyme and PEP carboxylc(na$e with 
METAFoR anal>«t'; do not appear under anaerobic conditions 
(27). these TCitciions are inaccessible to this analysis. Kencc, 
although the experimental dam conform to a biurx.-action net- 
work devoid of malic croyme (Fig, 5G), il£ activity cannot bo 
excluded. 

Wc cannot Independently quantify the relative flux of OAA 
to PEP via PEP carboxykioasc in anaerobk»l|y grown cells; 
tliofefore. METAFoR an alysi s cartnot dC^tingatxh between 
OAA dccntbojyiaiioft and PEP jynihcris through the PP path- 
way. When ATCC 1 1303 (and ils dcrNothre, KO20) and JNf 101 
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(and tt?i derivative, rB3$) arC: cotnp;trcd., the n)4\ior difference 
In the friction of PEP molftculcs that arc not directly derived 
ttoat glucose through glyco^is (Fiff. 5B) nuvy oH^iiiatc Ccom 
Oaa vS4 dccfirt>0}<ylation, from u lil$her Onx through the 
JPP palhw^. or from increased exchange reactions in the PF 
pathway. However, (He observation that the exchange fiieccs in 
the PF paihwi^ ore vciy siniilar sjuong sxU Ktrains (Fig, 5C lo 
E) tndlcate« a rnajor d^ercocc in flvi through the PHP car- 
boxykinsute or PP poithway^ The tetw but significant Triton of 
R5P CouTid u> originate from ^tucose-a-phosphaie (G6P) (Fig. 
?A) provides uncimblguouK evidence for tite activity of the 
Oi^idalive PP pathw^ duriag <inaorobiosis. 

In a3l cMseSy we observed a large fracltosi oT PYR rnolcculcs 
thai were (ntcreonvercod tct least- once lo ACoA (Rg. 5J), 
illuslralins the in viuo reversibnily OiC the anaerobic pyruvate 
fonnatc-^y^ reatiUoiv <i5 uppoecd to the irrevcrsibte aerobic 
pyruvate dehydrogenase reactton (11, ^) (see abo Fi^' ^K)* 
However, in KO20 Ihc pyruvate format^lyji^te sene is di^ 
nipted and pyiiEv;ite eoavcifiioo actrieveU via the expression 
of a heieTo]u{*cHi5 pyrwato decar^os^laxe, Becuuse PYJft. ex- 
change with aCoA In K03> Is almost identiMJ to that in the 
retfrretiee stniin, it appears either thai: the rwcrsibili^ of tins 
reaction is simlbr for pyruvate £6nnnie-hra5ic and pyruvate 
carbo^{ybsc or that »n utocnzymc of pyruv:ate rormatc-lyasc is 
responsible for this eKchengc. Tlic uncharacterbsed product of 



the .£ wU yhaS, gene Is hljihty homologous lo pyruvate Tor^ 
mate-lyesc und thus may encode ihb atctivily. 

Despite their oon^derably altered by-product fonmalion 
ch:iraeicristic&. the two engineered strHins. PB2S and K02QI, 
cnhibii.ocniral carbon mei^bolism sorpriungly similar to that 
of then- parent strains This resolt ean be seen m the Ooxomc 
data shown in Fig. 5, whcir the flux ruxlos af« i\e<irly identical 
in the parent strains iittd the modiiied SlfamA, ocecpl f r re- 
duced reversibility 01 the imcrconvcmon of OAA to fuxnarate 
(FUM) by ihi parent strains (FJg. 51-), Thi* revolt provides 
further evid<^ncc for the homeostasis of curbon flux distribatiOn 
in central mctabolisai following signiftcttat genetic modifica- 
tions that nnpinge directly upon ths metaboUe soih^lcm. 

DISCUSSION 

ThiA study provides novel Insights into gtobal iDctabollc net- 
work behavior. Varintionx rcsuliinj; from dl&rcnt gmwih wn- 
dliions and genetic backgrounds in E. coh are monitored by 
cotnbmcd physiological aud fluxome analyses, A panicular 
strength of the METAFoR analysis used here is ihc ability to 
decipher the relative OtDccs connecting the lower port of g)y- 
cc^yns with the TCA cycle, nanaely, the anaplcrotlc reaction 
and certain fulDc cycle:; which dissipate ATP* On tlto other 
hand, flux ratios of the oxidative versus the tsonoxiddtivc PP 
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pathways (R5P from G6?; Fig. 2A, 4A. and 5a) and glycoly^i* 
versus the t»P pathway (PEp mcJcculcs derived through ai lc«H 
one trajLskctolase rcaciiOD; F^g* 2B| 4B. and 5B) are accessible 
ooly as upp^r atkd losvcr bounds, because the pool ofpenloses 
is rapidly and reverglbly lamvd over by transjildnla^ and (mn&- 
k^iolAM. The k«y fin dingy arc » follows. (i).]ntraccnuUir car* 
• bon Hux rali0i9 in Ihe ccniral Tnctabol»ni oTE. coU urc aiTccicd 
only a little by emymc csvcrcxprcsKion and hcv fli^blc toward 
gene diaffuption* Co) Of all ceniral cart>On fluxes diosc in the 
TCA c^le chao^ most si^ficantlv jn response to changes In 
envircmmcmnl conditions, (iii) Reactions TDcdiatcd by the 
malk enzyme and PEP cartxjjcykinasc CkDd previously consid- 
ered to be abmit durttig grCnA^Lta on ehicosc were IdcnUflad. (iv) 
A novcJ rcgalatlnn ph«±Tu>mcnon In whlcb futile cycling 
through at least one «ei of reactions is inerc&5»d uiider cuodi- 
tions of a veiy low cKCraccUular gtuoose eoneentnilioD WOS 
evident. 

lAcerviraln diCTereDces. TTie \9HTAFoR pattern of cxponon- 
tiftlly i^rowmg &CTObie K ce>U reveulcd surpri^iiigly few hoier- 
nniin difTcn^nccs (Fig. 4), although major changes in pYijyi^io- 
loj^lcal portunctcrs ore doetnDcntcd for the variouj; $(min!f Uiicd 
here* Oac woiuld expect such physiological di^TCrreJiccs to be 
reUccted In Auxcs through central rtldubolinn (Fig. I)^ which 
provides Cficrgy, co&ctor r^encr^lion« Qnd building Uockx for 
biosynthesis. Strain KC2dL tor oxampic^ which expresses the pti 
operon or Z. mcbHis AlcoltOl dehydrogenase U and pyruv;jtc 
deenr^o)^)asc and has pyruvalc forTnatc-Jya.<u^ knocl;out mutxk- 
tion5, was previously de^bcd to cjchibii'signiTiganlly altered 
b^-product formatioD^ with ethanol as U»e maior product (25). 
f unhertnore, ovcroqsrcsfilon orpyrwralc kinaasc and phospho- 
rruetokinusc* which W m»jOr conlrol enzymes in the glyeolyiic 
pathway^ were shown \o have a profound elTeci on ghjcosc 
catabolism in re£iing E ccli K02a. SpedAcully, an increased 
glucose consumption rate was fA>und for KO20;;pPYKbs luw^ 
vested Srom aerobic preCiiI lures (13). and a large shift from 



elhnnol lo lactate formation was described for KO20;7pPPcc 
hitrvcstcd from anacrotiic prcevhures (Q. 

Previously, pyruvate kinase deficiency was reported t alter 
growth kineiies under uerobk cobdCdons (25), In the piCfient 
!ftudy» JMlOl and I3 pyruvate kinoso-deiicieni dcrfvotlve, 
showed low i;1tybMt changes in the KfETAPoR pattern. 
There was a snusll incrense In the fruciion of PEP nDolecu1c& 
that were derfved thr^s^ at least one trxuiskctolasc reaction 
(Kg. 4B). while all other eacchonge reaeiions in the PP pathway 
roinslned cojnparablc (Fig. 4C to E). These results are eonsis^ 
ten I wflb the recent findings ofPcwjcc et aL (26). u-ho observed 
incrmscd PP pathway activiry ht siratn PB25 compared to 
strain JMlOl by radLorespromctric analyst Overall similarity 
in METAFoR patterns in Yesponse to ^nctic modiAcntions 
seems to be a cornmoirrcarurc of ciiponential^ growing cqHs in 
aerol^ eultui^ consistent with the srrudl d^ftcrenoos in phys^ 
tOlOgical parajDelciB observed in this situation (Table 4). un« 
der antturuble contlitirkns, where larger physk>logk'jt chang-es 
were found, ^/|£TAFoR analysis revealed ntOre pronotinced 
diifcxcikccK (Table 5 and Fig. 5; sec aUo K^eluw). 

ASkapJerasiS aiwl the TCA cycle. METAFoR data provide 
information about the fraction of OAA xiKibcoles that origi- 
nate from PEP (Fig. IF, 4F, and 5F)j this Infonnaiion qnan*. 
ttlK»f the contribution of Xh^ TCA cycto-reptenUhing anaple- 
roCic rcacdon to OAA generation, relative lo that «f MAL 
dchydrogena!;e in the TCA cycle (3l)-32). In the aerobic eul- 
ttircs studied here, the relative f)iu; ihruugh anapleroiic PEP 
cait>0;cyUise is about 40%; the value for die ammonia-iimiied 
^»eTTto»lul culture bit increased to about 709*' (Fig. 2F). Con- 
sistcni with the eKlensivc overflow meiiibolism seen in ihc 
ammonia-tlmUed culture (Table 2). this increased anaplcrosts 
indieaies thnU compared with the situation for the ^ucosc- 
Hmitcd cuUurc, a larger ponion of the TCA cycle flux is used 
for btomas; formation inslcad of energy generation. In the 
anaerobic regimen, the TCa cydc is reduced to a two- 
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branch paUrw,-^ (30) atid OAA is ficncmicd by an;iplcn>sis 

'^^dk^ttoR. Ii^ Ihc ghicosc-limitcd chcmostai, & *ignificam 
fraction of PEP molecules were fourtd lo Ofigtm^tc from OAA 
(Rg. 2C;).'nils fCfiuU ind'icavss in vivo aalvtiy ol'gluconcogetjic 
PIi? C4irbo;<yleiriu«f, wn CDicyinc llmt is raquiTC^ for grcvih on 
carbon sotirccs Ihat arc metabolized via the TCA cycle and 
thai has prcviousW been consWisrcd to be Inactive In cells 
^rown on ghiooso (1 1-)- pf incipi«i, PEP molecules covXa also 
cr^inato from OAA via the reverse rcauion of ajraplcroUc 
PEP cnit>0xy1;isei bul based on iheiroodyiiaxnic considers ifons 
and ihc abscuct of "*C02 cx^angc wilb OAA iu enaymc 
assays (37), thk noikm is highly etilikcly- Hence, we li»ve 
evidence of nn ATP-<lks;paijng fuUle cycle via PEP c«Tb«V- 
Usc aaO ATP-consumin^ PEP cutboxykinause. At Ihc isorao JO 
under ammonrn-limtied oonditioD5 in the chemosmi^ this ftitilc 
cycle dppcar^ to be signlfieantly less nctivc (F^ 2C). Similar 
aaivity levels lor this «5«lc were seen wlUi Bacillus tubiSIh (27) 
grown in a chcxnonot und<ar filucos^ Ihniiaiion sii a O of about 
0.1 h~\ In fiiAicr growing ccM$ of V?. sui^UUs m ihis cbcmostat^ 
however, the eontribution of this lulile tydc was reduced, and 
the batch data presenied here shew it lo be abs^ent In CXpO- 
ncuUaUy growlAS ^ (Fis- 4). On thq oihcr hand. Cor 
Caryntbaaeriuin gUiiamicum, a simllur wsuhangu between the 
PEP-PYR and OAA-MAL poub was dc^^lbcd. not only for 
giacose-Umited chemovtat cuUurcv (41) but 4ilso for batch col- 
tares (29^: however, U is not clear whelbca- or not that pool 
exchange involved di»«p«tion of ATP via a futile cycle TTwse 
dato provide evkter^oc for a mciabolic regulation phenontenon 
in £L cKfti and B, svbtWs in which futile oKiIe activity is les! 
U'ghlJycomnLrfled Qsdi;r extrcine glucose limitation th;iji onder 
- glueose exCevs, as in ^ow-growing chemo^t cuHvres. It is 
tcvipLiny to speculate that this reduced control is caused by the 
eyironely low cxtiuceUular gleeose conccmration and a con- 
comibnl redaaion in cataboUte repressioti. This hyputhcsis is 
also supported by the obKrvallon thai PEP carbojgrkinosc ex- 
pression Id £. e^f Is repressed \)y ghicosc (10). 

In the anacrobicaliy grown G co/i B strains ATCC 1131& and 
KO20, the hfeh upper bound of the fraction of PEP originating 
from pentoses or OAA indimte^ a mtq'or diGTercnce in the 
metabolism of thcMi .<train$ 3ind ttialns JMIOI end P&2S (Fig. 
5B). This dilTercnce could result Irom a higher flux eJihcr 
ihrou^ the PP paUrMQ^ or through PHP earbcMn/lrina<», From 
a physiological p<ff;fpectivc^ however, high fluxes through the 
oxidative PP pathway appear unreasonable, because anaerobic 
mc:;;brrUr.s; crirtr.ci niOJidiD£-«aocsr.i>tantly f;»rmit<J->'ADPH- 
with oxycoa and rerfiw«<l hy-prCK.liKns swore not deteeied. 
Therefore, \x is more likely that a fotilcj^dc involving PCP 
caiboxykinasc carrier higher fluxes in ATCC 1 1303 and KO20. 
This scenario would he consistcDt with the nbsorvcd higher 
spccUle rate of glucose catabolism and the reduced btonutSK 
yield compared to lhv)o«: in anaerobic £. coti JMtOl c-ulturcs. 

E^tfehange reactions. MBTAFo'R analysis aHoTds a qualita- 
tive ustessmcnt of several exchange fluxes (30X In the experi- 
Tnents analtyzed hero, the fradion of R5P molecules originating 
£roin T3P and a unit via the' transkciolase reaction wa« 
usually about 70 toSb% (Fig. 2C and 4C) and, under anaerobic 
coiidliloes, even as high as VD% (Fig. 5C). In o>ntTii5Ct a much 
lower fraction of R5P molecules orij^nated from eiyihrMe-4- 
phosphaic (Fig. 2D, 4D, and SO), rcprcscnling either nn ex- 
change via transuldolasc or a reeling of PP paihway-iaaier^ 
atcd £hictose-6-pHosphtitc to G6P and on to RSt*. Similar 
Insights into the PP pathway have previously been rcponed for 
bfttcli ft'llur:;; E. ^d? K.-12 and B sirajcE by mess cpeelro- 
metric anaiysU of '"O^abcGng patlcftu: in the ribOtw xnoiety- 
concaiulng nudcuiidcs (15) and by MCTAFoR analysis (30). 



Rapid exchange of roctaboUtc pools in the PP pathway was 
also described for C s^omkuim (19. 4J). la B, suhiilfx, the 
exchange mediated by iranskctolasc appears to be less ii^il- 
icant. since about 50% of the U5P tXk filow-^rowmi^ ghjoQso> 
limited chcmostat cultures was foot^ to contain tmact C5 frag* 
mt:nts from the source glucose (27). 

Three additional exchange flaxes can be assefwed by ihc 
present melhodolojjy f30). First* the reversible IntetconYenuoo 
of OAA 10 HUM was found lo be invariant at about 50% in all 
cases, with the ecoeption of J^410I and ATCC 11303 under 
anaerobic condlliODH (Fig. 2N, 4N. and 5L). Second, m C, 
melaboUsra the backward reaction from Cly and a C, unh to 
Ser was essential^ negligible in aerobic batch cultures but was 
rignilicaat in atiaerobic JMT.01 J»nd PB25 batch cuJture;: as well 
OS in aerobic MG1655 eoniinoous ca hares (Pig. 40 aKl 5M). 
Third, m apparent contrast lo caHicr obscrvatioiis with amino 
acids obtained by hydrolysis of a purified recombinant protefai 
(30, 42) we observed tlie revcfse reaction in the glycine cleav' 
age pathv^ray (Cry from it C, vni| utid CO^)uiidcr aerobic condi- 
tions but not urtder imatrobic oonditiofa (Fig, 4P and 3N), 
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